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CHAPTER I 
INTROaTCriON 
OBJECTIVE ; 
The main t h r u s t of t h e i n s t r u c t i o n a l programme of M.Ph i l 
r e m o t e s e n s i n g a p p l i c a t i o n s i s t o i m p a r t knowledge of r a n o t e 
s e n s i n g a p p l i c a t i o n s f o r t h e m a t i c mapping and of d i f f e r e n t t e c h n i -
ques of r emote s e n s i n g . The M . P h i l c o u r s e c o m p r i s e s s t u d y of t h e 
t h e o r e t i c a l concei^t of r a u o t e ^sensing and t h e i r p r a c t i c a l a p p l i c a -
t i o n f o r n a t u r a l r e sov i rces e v a l u a t i o n and t h e m a t i c mapping^ t h e 
c o u r s e s t r u c t u r e i n c l u d e s t h e o r y p a p e r s , l a b c o u r s e and d i s s e r t a t i o r j 
T h i s d i s s e r t a t i o n i s i n p a r t i a l f u l f i l m e n t o f M . P h i l d e g r e e i n 
remote s e n s i n g a p p l i c a t i o n s . I t p r e s e n t s Remote S e n s i n g A p p l i c a t i o n s 
w i t h p a r t i c u l a r r e f e r e n c e t o gaomorph ic s t u d i e s i n t h e A r i d f r o n -
t i e r i n p a r t s of J a i p u r d i s t r i c t , R a j a s t h a n . 
AREA AND LOCATION t 
J a i p u r d i s t r i c t i s l o c a t e d on t h e e a s t e r n p a r t o f R a j a s t h a n , 
bounded by S i k a r i n t h e n o r t h , Alwar i n t h e n o r t h e a s t , Tonk i n t h e 
south , Sawaimadhopur i n s o u t h e a s t . The m a j o r t o w n s h i p s of t h e s t u d y 
a r e a a r e L a l s o t , B a s s i , Chaksu e t c . 
The s t u d y are^i l i e s be tween l a t i t u d e 26° 30 ' N t o 27° 0 ' 
l o n g i t u d e 75° 5 2 ' £ t o 76° 3 0 ' , I t c o v e r s a b o u t 1400 sq kms,. i t i s 
LOCATION MAP OF THE STUDY AREA 
scale 
1 cm s 10 Km 
KM 10 0 10 20 30 KM 
I , 
Pis 1 
i n c l u d e d i n t h e s u r v e y of I n d i a t o p o g r a p h i c s h e e t No. 5 4 B, I t 
i s c o v e r e d by P a t h No. 147, Row No. 42 of t h e LANDSAT. F i g , i 
shows t h e s t u d y a r e a . 
OOMMUNICATION t 
The a r e a i s e a s i l y a p p r o a c h a b l e and f a l l s on t h e N a t i o n a l 
Htg^^way No, 11 a b o u t 40 tons, from Dausa* J a i p u r i s c o n n e c t e d w i t h 
a l l t h e m a j o r c i t i e s o f t h e c o u n t r y by r a i l , r o a d and a i r , a l m o s t 
a l l t h e v i l l a g e s i n t h e a r e a a r e c o n n e c t e d by c a r t t r a c i c s . 
CLIMATE I 
The c l i m a t e o f t h e J a i p u r r e g i o n i s s e m i - a r i d w i t h an 
a v e r a g e a n n u a l r a i n f a l l o f 725 mm m o s t l y r e c e i v e d be tween J u l y and 
S e p t e m b e r , The maximum t e m p e r a t u r e d u r i n g siammer i s a r o u n d 49 c 
minimum t e n p e r a t u r e d u r i n g t h e w i n t e r month o f December and J anua ry 
somet imes f a l l s below 6 c , 
SCOPS I 
The present inves t iga t ion deals with the in t e rp re t a t ion 
of multiband TM data through visual and d i g i t a l ana lys is using 
combine man machine processing. 
The geornorphic s t u d i e s i n t h e s t u d y a r e a fo rming t h e p a r t s 
o f J a i p u r d i s t r i c t was c a r r i e d o u t u s i n g FGC'S, d i a p o s i t i v e e t c 
t h r o u g h v i s u a l i n t e r p r e t a t i o n t e c h n i q u e s and TM CCT's were p r o c e -
s s e d d i g i t a l l y f o r t h e m a t i c i n t e r p r e t a t i o n , 
METHODOLOGY t 
Dur ing t h e c o u r s e o f p r e s e n t s t u d y ^ v a r i o u s p a r a m e t e r s 
h a v e been t a k e n i n t o a c c o u n t , f o r e x t r a c t i o n of t h e t h e m a t i c i n f o r -
m a t i o n . 
Data and P r o d u c t s u s e d »-
Remote s e n s i n g t e c h n i q u e was choosen a s an a p p r o a c h t o 
t h e geornorphic mapping . F o l l o w i n g d a t a and p r o d u c t s w e r e u s e d 
d u r i n g t h e o c u r s e of p r e s e n t s t u d ^ t h e y a r e . 
a) Computer campat ib le t a p e s 
b) TM FCC s 
c) D i a p o s i t i v e t r a n s p a r e n c y 
d) Ra t io images 
e) C l a s s i f i e d images 
f) Survey of I n d i a t o p o s h e e t s 
g) v a r i o u s supplementary da t a , g e o l o g i c a l maps e t c . 
The d i g i t a l da ta p r o d u c t s were p roces sed d i g i t a l l y and 
ana lysed through o p t i c a l p r o c e s s i n g u s i n g pho tograph ic and 
g e o t e c h n i c a l e l e m e n t s . The t h e m a t i c d a t a b a s e was g e n e r a t e d t h r o u g h 
c o n v e r g e n c e of e v i d e n c e c o l l e c t e d from t h e r e c o g n i t i o n e l e m e n t s . 
INSTRUMENTS USED t 
I n o r d e r t o e x t r a c t t h e t h e m a t i c i n f o r m a t i o n u s i n g r emote 
s e n s i n g t e c h n i q u e s . The f o l l o w i n g i n s t n a m e n t s and compute r systesns 
were u s e d 
1. R a d i o m e t e r »-
H i n d h i v a c S p e c t r o - R a d i o m e t e r was u s e d f o r r a d i o m e t r i c d a t a 
c o l l e c t i o n f o r g round t r u t h d u r i n g t h e c o u r s e of i n v e s t i g a t i o n . 
2 . ^aiX« 11/780 »-
I t i s s u p e r m i n i compu te r , u s e d f o r t h e c a l o i l a t i o n and 
p r ^ a r a t i o n o f r e f l e c t a n c e p e r c e n t a g e c u r v e f o r t h e r a d i o m e t r i c 
d a t a . 
3 . HCL-ISROVISION i -
The PC AT b a s e d compute r sys t em Busybee 386 i n s t a l l e d a t 
RSACREX3, A l i g a r h Muslim U n i v e r s i t y , A l i g a r h , h a v i n g d e d i c a t e d 
d i g i t a l image p r o c e s s i n g s o f t w a r e f o r r e m o t e s e n s i n g d a t a a n a l y s i s . 
4. Dlezo P r i n t e r t-
Hard oopy diezo p r i n t s ware prej^ared from d i a p o s i t i v e of 
TM bands, yelloW/ cyan, magenta p r i n t s were r e g i s t e r e d to p r o j e c t 
F e e ' s . 
^» Large Format o p t i c a l finlaroer i -
This ins t rument l a used f o r enlargement of t r a n s p a r e n c i e s 
of bands 2/5 and 7 of TM senso r . The l i576000 data p roduc t s were 
en larged to 1 tX 44000 s c a l e f o r v i s u a l i n t e r p r e t a t i o n of d i f f e r e n t 
t hema t i c eleroents. 
6, Dynascan »-
Dynascan i s a i l a r g i n g l e n s system used fo r v i s u a l i n t e r p r e -
t a t i o n of hard copy p r i n t s and F e e ' s , i t g ives 4 x magn i f i ca t i on . 
PROCEOJRS t 
a) Visual i n t e r p r e t a t i o n of l a n d s a t TM FCC was c a r r i e d ou t 
u s ing l i g h t t a b l e and o v e r l a y s p repa red showing geo log ica l* geomor-
pho log ica l u n i t s l anduse p a t t e r n s e t c . 
b) Base maps were prepared using survey of India toposheet 
No, 5 4 B, Showing l a t i t u d e , longitude were used for annotation 
and ground t r u t h , 
c) various cu l tu ra l fea tures l i k e Roads, Railway l ines,major 
towns, cu l t iva ted land. Barren land r ive r s whether dry or per ten-
i a l and various geomorp ho log ica l fea tures were iden t i f i ed , 
d) The in te rpre ted thematic d e t a i l s were t rans fe r red on to th 
base map provide planimetr ic control , using op t ica l re f lec t ing 
project ion (ORP), 
e) The geological geomorphological and landuse maps were 
prepared using pa t t e rn and l i n e symbols. Ground t r u t h was col lec-
ted from seoondairy sources and through primary surveys, 
f) Post f i e ld correct ions were made in t he maps through 
ground surveys and thus f ina l maps were prepared. 
Table 1 shows the flow chart of methodology adopted during 
the present study. 
study geomorphology 
sca le and products 
Survey sheets , 
maps, repor ts 
Remote Sensing data 
visual d i g i t a l 
Base map Geology^ geomorplTology, 
landuse landcover etc 
Truth 
scal ing 
Maps 
F ie ld 
Final maps 
Report 
Table 1. shows the flow chart . 
CHAPTiSR I I 
FUNDAMENTALS OP REMOTE SENSING 
Remote s e n s i n g i s a s c i e n c e t h a t o b t a i n r e l i a b l e informa-
t i o n a b o u t any o b j e c t from a d i s t a n c e w i t h o u t p h y s i c a l c o n t a c t 
w i t h t h e o b j e c t , t h r o u g h r e c o r d i n g of t h e e m i t t e d , r e f l e c t e d , 
a b s o r b e d & t r a n s m i t t e d £WR, when t h e £WR f a l l s on t h e body i t s 
s i g n a t u r e s v a r i e s f o r d i f f e r e n t o b j e c t s which forms t h e b a s i s of 
t h e m a t i c i n t e r p r e t a t i o n . 
V u i o r . i y o l '••j'-t 
v . " J * • ,* ; . . : ' ' • 
F i g , 2 P r o p a g a t i o n of e l e c t r o m a g n e t i c wave 
( s o u r c e L i l l e s a n d , K i e f e r 1979) 
SLSCTROMAGNfiTIC RADIATION j 
£MR i s a dynamic form of e n e r g y . The mot ion of t h e wave i s 
same a s v e l o c i t y o f l i g h t i e C = 3x10^^ c m / s e c . The £MR t r a v e l l s i n 
harmonic s i n u s o i d a l f a s h i o n . E l e c t r o m a g n e t i c waves i n c l u d e s e l e c t r i c 
wave (E) & a s i m l a r m a g n e t i c wave (M) which a r e a t r i g h t a n g l e s 
and p e r p e n d i c u l a r t o t h e d i r e c t i o n of p r o p a g a t i o n shown i n F i g , 2 
9 
10 
The £MR fol lows t h e equat ion C = fAwhere C = v e l o c i t y , f = 
frequency ^ = wavelength. 
The £MR vary from cosmic r ays t o rad io waves d i f f e r « i t ranges of 
£KR i s shewn in F i g , 3 
0.4 O.b O.ti 0,7 (;irn) 
UV ^VJI i n l f j r i o 
Visible 
W,r.i ' l i in,j i i, (p,,;i 10 <^  10 ' 10 •* 10 ^ 10 •' 10 ' 1 
( l i i H r i l (Ini l 
i: ___.'" "'•' . ' " _ J " ' '0' ' ° I _ . J O l 10" 10^W„v,.|,.n,„l: ,„ rrrr n 
F i g , 3 E lec t romagne t ic spectrum (source L i l l e s a n d , K ie fe r 1979) 
There a r e two t h e o r i e s of £MR/aiW 
1. WAVE THEORY 
Many c h a r a c t e r i s t i c s of EWR a r e most e a s i l y desc r ibed by 
t h e wave t h e o r y . I t s t a t e s t h a t HWR/mw moves in wave motion and 
obeys a genera l equat ion 
G = f X (1) 
where C = v e l o c i t y of l i g h t (ms" ) 
f = frequency (Hertz) 
^ = wavelength 
as v e l o c i t y i s c o n s t a n t , i t i s ev ident t h a t g r e a t e r t h e frequency 
of r a d i a t i o n , t h e s h o r t e r i s i t s wavelength. 
11 
2 . PARTICLE THflORY i 
The p a r t i c l e t h e o r y s u g g e s t t h a t EMR i s composed of many 
d i s c r e t e u n i t s c a l l e d p h o t o n s o r q u a n t a . The ene rgy of a quantum 
i s g i v ^ i by 
Q = h f (2) 
where Q « e n e r g y of a quantum i n j o u l e s ( J ) 
h a u n i v e r s a l o o n t a n t Jcnovm a s p l a n k ' s c o n s t a n t 
- 3 4 i t s v a l u e i s 6 . 6 2 6 x 10 , f = f r e q u e n c y , 
RELATIONSHIP BETWEEN WAVE THSORY AND PARTICLE THBQRY t 
C = f A from eq (1) 
so f = C/^ ( l a ) 
Q 3 hf from eq (2) 
so f = Q/h (2a) 
C/^ = Q/h (from eq ( l a ) and eq (2a) 
o r Q = c h ^ (3) 
From t h e above e q u a t i o n we can s a y t h a t e n e r g y o f a quantum 
i s i n v e r s e l y p r o p o r t i o n a l t o t h e w a v e l e n g t h . Thus f o r a b e t t e r 
r e s o l u t i o n o f a s m a l l o b j e c t , w e n e e d h i g h e r e n e r g y i .e s h o r t e r wave 
l e n g t h . 
12 
INTERACTION MECHANISM OF £KR i 
I n t e r a c ± i o n w i t h m a t t e r w h e t h e r s o l i d , l i q u i d o r gas can 
change f o l l o w i n g p r o p e r t i e s of t h e i n c i d a i t r a d i a t i o n , i n t e n s i t y , 
d i r e c t i o n , w a v e l e n g t h , p o l a r i z a t i o n e t c F i g , 4 shows t h e i n t e r a c t i o n 
mechanism o f EMR. I t f o l l o w s t h e p r i n c i p l e of c o n s e r v a t i o n of 
e n e r g y . 
f . lX) " Ineidtnt enrgv 
E^ (X) - Ab$ofb«J energy £TM = Trammitt»d tntf jy 
F i g . 4 I n t e r a c t i o n mechanism o f £MR ( s o u r c e L i l l e s a n d , K i e f e r 1979) 
i . e ( A ) = E^ (A ) + E^ (X ) 4. E^ (A ) 
w h e r e Ej ( > ) = ene rgy i n c i d e n t of w a v e l e n g t h 
Ej^  ( A ) = ene rgy r e f l e c t e d of w a v e l e n g t h 
E. ( ^ ) = e n e r g y a b s o r b e d o f w a v e l e n g t h 
E« ( A ^ - e n e r g y t r a n s m i t t e d of w a v e l e n g t h 
The EMR r e s p o n s e s wh ich i n c i d e n t l i g h t p r o d u c e s a f t e r e n c o u n t e r i n g 
a t m o s p h e r e o r any o b j e c t a r e 
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1. TRANSMISSION i 
I t i s t h e p a r t o f t h e i n c i d e n t ene rgy which p a s s e s t h r o u g h 
med ia . The v e l o c i t y changes w i t h t h e change i n t h e media i . e from 
a i r t o w a t e r . 
2 . ABSORPTION i 
The i n c i d e n t EMR a b s o r b e d by t h e m a t t e r . T h i s ene rgy i s 
l a r g e l y u s e d t o hea tup t h e m a t t e r . The ene rgy i s a b s o r b e d by a t m o s -
p h e r i c c o n s t i t u a i t s l i k e w a t e r v a p o u r , c a r b o n d i o x i d e and Ozone. 
Wave l e n g t h s h o r t e r t h a n 0, 3»|m a r e c o m p l e t e l y a b s o r b e d . 
3 PITTANCE I 
The i n c i d e n t r a d i a t i o n a f t e r b e i n g a b s o r b e d i s u s u a l l y 
e m i t t e d from s u b s t a n c e a t t h e l o n g e r w a v e l e n g t h a s a f u n c t i o n of 
t e r t p e r a t u r e and s t r u c t u r e o f t h e s u b s t a n c e , 
4, REFLECTION t 
I n c i d e n t EMB i s r e t u r n e d from t h e s u r f a c e o f m a t e r i a l w i t h 
t h e a n g l e o f r e f l e c t i o n equa l and o p p o s i t e t o t h e a n g l e of i n c i d e n c e . 
R e f l e c t i o n i s c a u s e d by s u r f a c e s t h a t a r e smooth r e l a t i v e t o t h e 
wave l e n g t h o f i n c i d e n t EMR. 
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5, SCATTERING t 
P a r t i c l e s p r e s e n t in t h e atmosphere cause d e f l e c t i o n of 
t h e a ^ . The phenomenon i s c a l l e d s c a t t e r i n g . I t depends upon 
t h e s i z e of a tmospher ic p a r t i c l e s and cxjn^jrise t h e fol lowing 
types t 
a) Rayleiqh S c a t t e r i n g : -
P a r t i c l e s i z e i s s m a l l e r then t h e wave l eng th of t h e 
i n t e r a c t i n g r a d i a t i o n . I t l e a d s t o s c a t t e r i n g of shiorter wave 
l e n g t h s and r e s u l t s in t h e development of haze , 
b) Mie S c a t t e r i n g i -
When both a r e d imens iona l ly equal, t ends t o s c a t t e r longer 
wave l e n g t h which causes red sky, 
c) Non S e l e c t i v e S c a t t e r i n g t -
P a r t i c l e s i z e i s l a r g e as compare t o t h e wave l e n g t h e . g . 
wate r d r o p l e t s have commonly a d iameter 5 - 100>|m, This s c a t t e r s 
t h e EMR in v i s i b l e and IR reg ions equa l ly and r e s u l t s in whi te 
appearance of c louds and fog. 
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ATMOSPHERIC WINDOWS I 
I n t h i ? p r o c e s s a l o s s o f £MR r e s u l t s ene rgy i s a b s o r b e d 
by a t m o s p h e r i c c o n s t i t u e n t s l i k e w a t e r v a p o u r , Co^^O-o The wave 
l e n g t h r a n g e s i n which t h e a t m o s p h e r e i s p a r t i c u l a r l y t r a n s m i s s i v e 
a r e r e f e r r e d a s a t m o s p h e r i c windows. T a b l e 2 /shows t h e a t m o s p h e r i c 
windows. 
T a b l e 2 , A t m o s p h e r i c windows w i t h 
s p e c t r a l r e g i o n s 
1.5 
2 . 0 
3 ,0 
4 .2 
7 . 0 
- 1.8 
- 2 .6 
- 3,6 
- 5 . 0 
- 1 5 . 0 
ATMOSPHERIC WINDOWS SPECTRAL RSGION ( »^ m) 
1 0 , 3 - 1.3 
2 
3 
4 
5 
6 
THE EMR USED FOR REMOTE SElbBING APPLICATIONS 
The f u l l r a n g e of EMR from 0 . 0 3 ^m t o 30 cm i s n o t a b l e 
t o p e n e t r a t e t h e a t m o s p h e r e , t h e p o r t i o n s o f EMR a r e a b s o r b e d by 
H-0, CO- & 0^ i n t h e a t m o s p h e r e ^ b e c a u s e o f t h i s f a c t o r l i m i t e d 
p o r t i o n o f £MR i s u s e d f o r i remote S e n s i n g a p p l i c a t i o n s wh ich a r e 
t r a n s p a r e n t t o a t m o s p h e r e . T h e s e r e g i o n s of E l^ a r e r e f e r r e d a s 
A t m o s p h e r i c windows. Gammaray, X - r a y and u l t r a v o i l e t a r e comple -
t e l y a b s o r b e d by a t m o s p h e r e . P h o t o g r a p h i c UV b a n d ( 0 . 3*4x1 t o 0 ,4HTO 
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can be detectable on film but atmospheric sca t t e r ing i s severe. 
Vis ible , infrared, re f lec ted IR, thermal IR Microwave and Radar 
waves are su i t ab le for remote sensing app l i ca t ions . 
I 
Sun' tenetyv (al BOOCK) 
Eaflh's energy I j i 300 K) 
0.3 p m 1 ton 
(a) Enef j y lourcet 
l O p m 100 A*'" t mm ] m 
Wavelength — - ^ 
0,3 pm 1 (jni r ~ - i — I — r 10 pm 100 urn 1 inir\ 1 m 
Wavelemjlh - ». 
(fc) A imo jphMic t tanjmiUiir ice 
-H K Human eye 
Photogf jphy Thermal stanncri 
^ ^ h— .4 
Multispeclral scanners Radar and passive microwave 
—1—t ••! i i i | I I—' ' ' " M ' — ' ' ' ' r — — T - A / I I I t " 1 
0 3 pm I pm 10 pm 100 pm 1 mm 1 m 
Wavelengih 
(cj Common remote sensing systems 
F i g . 5 S p e c t r a l c h a r a c t e r i s t i c s o f ene rgy s o u r c e s , a t m o s p h e r i c 
e f f e c t s and s e n s i n g sys t em 
( s o u r c e L i l l e s a n d & K i e f e r 1979) 
F i g . 5 shows t h e s p e c t r a l c h a r a c t e r i s t i c s o f (a) ene rgy s o u r c e s 
(b) a t m o s p h e r i c e f f e c t s and (c ) s e n s i n g s y s t e m s 
BAND USED IN RHKOTS" SENSING j 
A v e r y s m a l l p o r t i o n of t h e s p e c t r u m i s p e r c e i v e d by t h e 
eye and a f u r t h e r l a r g e r e g i o n can b e d e t e c t e d by p h o t o g r a p h and 
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S t i l l fur ther l a rge r region can be detected by op t i c a l , mechnical 
and e lec t ron ic devices, 
a) 0. 3 A^m to 0^  4 <fn i This i s photographic UV band and i s t r a n s -
mit ted through the atmosphere. I t i s de tec table with film and photo 
detectors but atmospheric s ca t t e r ing i s severe, 
b) 0,4 Mm to 0,7 Mm I I t i s ca l led v i s i b l e region as t he human 
eye i s s ens i t i ve to only t h i s region. I t i s imaged with film and 
photo de tec tors , t h i s region i s used for b/w and colour photography. 
The maximum amount of energy i s re f lec ted a t 0,5 /ifm which corres-
pond to the green band and i s ca l led the re f lec ted energy peak of 
earth, 
c) 0,7 A^m to 3.0 Mm i This i s ca l led re f lec ted IF band and a re 
ref lec ted as so la r radia t ion tha t contain no information about 
thermal p roper t i e s of mater ial , the band from 0,7)L|mto 0,9 M i^ i s 
detectable with film and i s ca l led the photographic IR band but 
the res t from 0,9 nfm to 3,0 j^ m a re not detected by photographs. 
1, Near IR Band i - The range i s from 0,7 /^ m to l,3j^m.A port ion 
of i t can be detected by films while the r e s t can not be detected 
by film and can only be detected by op t i ca l and photo vol t i c devices. 
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2. Middle IR Band t - The range i s from l.ajifin to 3 A/m. I t i s not 
d e t e c t e d by pho tograph ic f i lms bu t can be d e t e c t e d by o p t i c a l and 
photo v o l t i c dev i ce s , 
d) 3.0Ajfm t o 5 ym & 8 «jm t o 14 i^ m t I t i s c a l l e d thermal IR band 
and i s d i r e c t l y r e l a t e d t o t h e s e n s a t i o n of h e a t . Image a t t h e s e 
wavelength a r e acqu i r ed by o p t i c a l mechnical scanner and s p e c i a l 
v id ioon sys t«n bu t not by f i lm, 
s) 1mm to Iro t I t i s c a l l e d microwave band, t h e longer wave l e n g t h 
i s capable of p e n e t r a t i n g th rough c loud , fog , haze and rain»Images 
can be acqu i r ed i n t h e a c t i v e & p a s s i v e mode. This region i s 
d e t e c t e d by o p t i c a l mechnical s c a n n e r s . 
STAGES IN REMOTE Sfig^SING I 
1, Source of electromagnetic energy (sun/selfemission) 
2, Transmission of t h e energy from the source to the surface of 
the ear th - absorption, s ca t t e r ing , 
3, In te rac t ion of mR with the earthfe surface re f lec t ion , 
re-emission, 
4, Transmission of energy from the surface to t he sensor 
5, Seasor data output . 
Subsequently the data i s t ransmit ted, processed and analysed. 
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REMOTEIiY SSNSgP DATA PROCUCTS » 
A e r i a l p h o t o g r a p h s a s w e l l a s i m a g e r i e s o b t a i n e d by r e m o t e 
s e n s i n g u s i n g a i r c r a f t o r s p a c e c r a f t a s p l a t f o r m s by employing 
e l e c t r o m a g n e t i c a i e r g y a s t h e means of d e t e c t i n g and m e a s u r i n g 
o b j e c t s c h a r a c t e r i s t i c have a p p l i c a b i l i t y i n v a r i o u s f i e l d l i k e 
g e o l o g y , w a t e r a s s e s s m e n t , s u r v e y s e t c . An i n t e r p r e t e r w e l l e x p e r i -
enced i n h i s f i e l d can d e r i v e a l o t o f i n f o r m a t i o n from r e m o t e l y 
s e n s e d d a t a p r o d u c t s l i k e a e r i a l p h o t o g r a p h s (b /w, b /w IR, c o l o u r 
IR) m u l t i b a n d p h o t o g r a p h s L a n d s a t d a t a b o t h i n p i c t o r i a l and d i g i -
t a l form, t h e r m a l and R a d a r i m a g e r i e s , 
PLATFORMS I 
The a e r i a l p h o t o g r a p h y has been u s e d f o r r e s o u r c e s u r v e y s 
s i n c e 1858, The e a r l i e r p l a t f o r m s w e r e b a l l o o n s .and an o r d i n a r y 
camera was u s e d a s s e n s o r . L a t e r i n t r o d u c t i o n of a i r c r a f t s and more 
s o p h i s t i c a t e d a e r i a l cameras w e r e i n t r o d u c e d f o r p h o t o g r a m m e t r l c 
s u r v e y s . The a d v e n t of s a t e l l i t e a g e h e r a l d e d t h e dawn of a new 
e r a i n t h e s c i e n c e of r e m o t e s e n s i n g . The c a r r i e r f o r t h e s e n s o r 
i s r e f e r r e d a s p l a t f o r m , i t may b e t e r r e s t r i a l , a i r b o r n e o r s p a c e 
b o r n e p l a t f o r m . 
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AIRBORNi; PLATFORM t These may b e of two t y p e s 
a) B a l l o o n b o r n e p l a t f o r m and (b) A i r c r a f t b a s e d p l a t f o r m . 
a) B a l l o o n Borne P l a t f o r m j - The u s e o f b a l l o o n b o r n e p l a t f o r m 
i n r e m o t e s e i s i n g s t a r t e d i n l a t e n i n e t e e n t h c e n t u a r y . The b a l l o o n s 
g o i n g u p t o 49 km a l t i t u d e w e r e d e v e l o p e d by 197 2 f o r s t u d y i n g 
e a r t h ' s suiiCace, t h e a t m o s p h e r e e t c . The u s e of b a l l o o n s i s r e s t r i -
c t e d by m e t a o x o l o g i c a l f a c t o r s e . g . wind v e l o c i t y e t c . 
b) A i r c r a f t Based P l a t f o r m s »- A i r c r a f t s a r e commonly u s e d a s 
r e m o t e s e n s o r p l a t f o r m s f o r o b t a i n i n g p h o t o g r a p h s . The a i r c r a f t 
u s e d i n a e r i a l p h o t o g r a p h y s h o u l d have maximum s t a b i l i t y and f r e e 
from v i b r a t i o n s w i t h u n i f o r m s p e e d . C e i l i n g h e i g h t i s t h e i m p o r t -
a n t c r i t e r i o n f o r c l a s s i f y i n g t h e a i r c r a f t s . I n I n d i a f o u r t y p e s 
of a i r c r a f t s a r e c u r r e n t l y u s e d f o r r e m o t e s e n s i n g o p e r a t i o n s . 
T a b l e . 3 A e r o p l a n e s , t h e i r c e i l i n g h e i g h t s , minimum s p e e d km/hr 
T a b l e 3 
A e r o p l a n e s C e i l i n g H e i g h t Minimum s p e e d 
(m) (km/hr) 
DAKOTA 5 4 8 6 . 4 - 6 0 9 6 240 
AVRO 7620 600 
CESSNA 8 8 3 9 . 2 35 0 
CANBERRA 13716 360 
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The s p e c i a l a i r c r a f t s a r e u s e d abroad f o r remote s e n s i n g 
o p e r a t i o n s i n h igh a l t i t u d e photography 
U - 2 I C e i l i n g h e i g h t i s 2 1 , 300 mts , minimum speed i s 798 tan/hr 
and i s u s e d f o r s t r a t e g i c photography. 
ROCKWELL » X - 15 i s r e s e a r c h c r a f t w i t h c e i l i n g h e i g h t 108 ,000 m 
and i t s speed i s 6620 lon/hr, 
SPACE BORNE PLATFORM I 
E n t i r e e a r t h o r any p a r t o f e a r t h can b e covered a t s p e c i f i e d 
i n t e r v a l s ; t h a mode can b e g e o s t a t i o n a r y p e r m i t t i n g c o n t i n e o u s s e n s i n g 
a p o r t i o n o f t h e ear th o r sun - synchronous w i t h low a l t i t u d e p o l a r 
o r b i t c o v e r t h e e n t i r e e a r t h a t t h e same equator c r o s s i n g t i m e . The 
s p a c e borne p l a t f o r m s a r e d i v i d e d i n t o f o u r c l a s s e s a s uuder . 
a) Low a l t i t u d e s a t e l l i t e s 
b) High a l t i t u d e g e o s t a t i o n a r y s a t e l l i t e s 
c) Space s h u t t l e 
d) S a t e l l i t e w i t h g e n e r a l o r b i t 
a) Low A l t i t u d e S a t e l l i t e s t These a r e sun synchro nous s a t e l l i t e s 
some o f t h e important s a t e l l i t e comes under t h e c a t e g o r y o f low 
a l t i t u d e a r e a s LANDSAT s e r i e s o f s a t e l l i t e , S P O T ; s a t e l l i t e , NOAA 
s a t e l l i t e ; IRS s e r i e s e t c . 
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b) High Al t i tude Geostationary S a t e l l i t e s i Some of t he important 
s a t e l l i t e which oomes under t he category of high a l t i t u d e geos t a t i -
onary s a t e l l i t e s a re as INSAT se r i e s s a t e l l i t e s , GflOS e tc . 
c) Space Shu t t l e t Space s h u t t l e i s the U.S manned s a t e l l i t e progra-
mme of t h e 1980 t h e mission l a s t s for 7 to 14 days along with space 
laboratory, 
d) S a t e l l i t e With General O r b i t t Those s a t e l l i t e s which n e i t h e r 
have g e o s t a t i o n a r y o r b i t no r they have sun-synchronous o r b i t e . g . 
SSASET 1, Some of t h e impor tan t s a t e l l i t e s and t h e i r d e t a i l s a r e 
shown in t h e t a b l e 4 , l i k e Landsa t s e r i e s , SPOT, IRS-IA e t c , 
SBaJSORS } 
Sensors a r e dev ices t h a t r e c e i v e s £MR and conver t s i t i n t o 
s i g n a l s ^ t h a t can be recorded and d i sp l ayed e i t h e r as ntomerical data 
o r an image. The eye i s a f a m i l i a r o r g a n i c remote sens ing system. 
The i n o r g a n i c , r a n o t e sens ing system a r e of two t y p e s . 
1) Framing System (2) Scanning System 
1) Framing System t Framing System i n s t a n t a n e o u s l y a c q u i r e an image 
of an a rea / f rame on t h e t e r r a i n . A framing system employs a dense 
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array of detectors a t focal p lane, examples a re camera and 
vidioons, 
3^ Vidiopn I- Vidioon contain a shu t t e r device and image i s s tored 
on a photosens i t ive surface within each camera. This surface i s 
then scanned by an in t e rna l electron beam to produce a video s ignals 
ju s t as in t e r r e s t r i a l t e l ev i s ion camera. The e lec t ron ic beam 
produces a signal t h a t may be recorded on magnetic tape for event-
ual display on film. RBV of LANDSAT 1,2 & 3 i s the example of 
vidioon framing system, 
b) Camera i - Camera i s a l i g h t proof chamber of box in which the 
image of an object i s projec ted upon a s ens i t i s ed p l a t e o r film 
through an opaning usual ly equipped with a l ens , shu t t e r and var ia -
b l e aper ture . The various f i l t e r s and films a re used for obtaining 
photographs in v i s i b l e and in f ra - red poirtion of t h e spectrum, A 
shu t t e r opens a t s e l ec t i ve In te rva l to allow l i g h t to enter the 
camera, where t h e image i s recorded on t h e photographic film. The 
films a re s ens i t i ve for 3 /^ m to 9 #fm range of EMR, 
2) Scanning Svstem t Qnploys a s ing le de tec tor with a narrow f i e ld 
of view which sweeps across the t e r r a i n to produce an image. When 
photon of electromagnetic energy a re radia ted o r re f lec ted from 
KiiUling 
Di ' l i r l i , 
1 
!.> .Ml • 
f^ 
M i f f i r [ 
.f^ ^ • 
Vl 
25 
Gti 
Retolulion 
Cf" 
•0 
^ 
A C.<OSS TRACK SCANNER. 13. CinCULARSCANfjnn 
^ Tv^ Antenna 
C A10^'G-TRACK SCANNER. (J S!LH: SCANNINC. SYSTEM. 
Fig. 6, Scanning Systam for acqair ing remote 
sensing images (source Sabins 1987) 
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the t e r r a i n , encounter t he detector , an e l e c t r i c a l s ignal i s 
produced t h a t var ies in proport ion to the number of photons. The 
e l e c t r i c a l s ignal i s amplified, recorded on magnetic tape and 
played back l a t e r to produce an image. There are four types of 
scanning, (a) cross Track Scanning (b) c i r c u l a r Scanning (c) Along 
Track scanning (d) Side scanning. 
a) Cross Track Scanning t- I t employs a faceted mirror ro ta ted by 
e l e c t r i c motor with a horizontal axis of ro ta t ion al igned p a r a l l e l 
with the f l i g h t d i rec t ion shown in Fig, 6, IFOV subtends an area 
on t h e t e r r a i n ca l led ground resolut ion c e l l . The angular f i e l d of 
view i s t h a t por t ion of mirror sweep t h a t i s recorded as a scan 
l i n e and measured in degrees. MSS and TM of LANDSAT se r i e s are the 
examples of cross t rack scanning system, 
b) Circular Scanning System i - The scan motor and mirror are 
mounted with a ve r t i c a l axis of ro ta t ion tha t sweeps c i r c u l a r path 
on the t e r r a i n as shown in Fig, 6. Only the forward por t ion of 
the sweep i s recorded to produce images. Circular scanners a re 
used for reoonnaisance purposes in low f lying a i r c r a f t s . 
c) Along Track Scanning System t- The long axis of t he l i n e a r 
array i s o r i a i t e d normal to f l i g h t pa th . These systems are also 
27 
Cal led pushbroom scanners f i g . 6. The dwell t ime of each ground 
r e s o l u t i o n c e l l must be i n c r e a s e d . The d e t e c t o r s a r e p l a c e d in a 
l i n e a r a r r a y in t h e foca l p l a n e of t h e image formed by a lens 
system, A i t b o m e scanning system, HRV, LISS 1 and LISS 1 1 a r e 
t h e example of pushbroom types of s c a n n e r s , 
d) S i d e Scanning System «- The above mentioned t h r e e system a r e 
p a s s i v e sys ton , but i t i s an a c t i v e system because i t p rov ides i t s 
ovm energy source . The example i s a Radar System t h a t t r a n s m i t s 
p u l s e s of microwave energy t o one s i d e of t h e f l i g h t p a t h ( range 
d i r e c t i o n ) and records energy s c a t t e r e d from t h e t e r r a i n back t o 
antenna. This t y p e of system i s shown in F i g , 6, 
MULTl SPECTTRAL SYSTEM t 
All t h e above mentioned scanning system records a s i n g l e 
image t h a t r e p r e s e n t a s i n g l e s p e c t r a l band, bu t i n many remote 
sens ing a p p l i c a t i o n s i n o r d e r t o g e t more in fo rma t ion , i t i s 
e s s e n t i a l t o record a scene wi th m u l t i s p e c t r a l i m a g e s , m u l t i p l e 
images acqu i r ed a t d i f f e r e n t s p e c t r a l bands . 
In LANESAT four a r r a y s of s i x d e t e c t o r s g i v e analog s i g n a l s 
and a r e conver ted t o d i g i t a l form by an on board A t o D converter .^ 
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I t c o v e r s 185 ton swath w i t h r e s o l u t i o n o f 79 m t s . One MSS s c e n e 
c o v e r s an a r e a of 185 x 185 km on t h e g r o u n d . The LANDSAT MSS has 
f o u r bands , t a b l e 5 g i v e s t h e d e t a i l s . 
T a b l e 5, MSS S p e c t r a l Bands 
BAND WAVELENGTH CHARACTERISTICS 
"5"^ 575 ^ 0,6 A)m ( g r e a i J D e l i n e a t i o n o f s h a l l o w w a t e r a r e a s 
Bg 0 , 6 - 0 , 7 mxa (Red) C u l t u r a l f e a t u r e s , v e g e t a t i o n t y p e s 
Bg 0 , 7 - 0 , 8 i|m ( IR) Boundary be tween l a n d and w a t e r 
B^ 0 ,8 - 1,1 i^ m (IR) Landforms , p e n e t r a t i o n o f a t m o s p h e r i c 
h a z e . 
THEMATIC MAPPgl (TM) t 
TM i s h i g h l y a d v a n c e d and improved v e r s i o n o f m u l t i s p e c t r a l 
s c a n n e r u s e d i n LANDSAT 4 & 5 , I t i s c r o s s t r a c k s c a n n i n g s y s t o n 
and r e c o r d s d a t a i n seven s p e c t r a l b a n d s o f wh ich t h r e e a r e v i s i -
b l e , t h r e e r e f l e c t e d IR and o n e t h e r m a l IR , Each band has 16 d e t e c -
t o r s e x c ^ t band 6 which h a s 4 d e t e c t o r s , band 1, 2, 3 , 4, 5 , and 
7 h a s r e s o l u t i o n c e l l of 30 x 30 m t s , w h e r e a s band 6 wh ich i s 
t h e r m a l b a n d h a s r e s o l u t i o n 120 x 120 m. d e t a i l s o f TM i s shown 
i n t a b l e 6, 
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T a b l e 6, TM S p e c t r a l b a n d s 
BAND WAVELENGTH CHARACTERISTICS 
1, 0 ,45 - 0 , 52 ^m B l u e - g r e e n u s e f u l f o r d i s t i n g u i s h i n g 
s o i l from v e g e t a t i o n and d e c i d u o u s 
from c o n i f e r o u s p l a n t , 
2 , 0 ,52 - 0 , 6 0 *|m Green m a t c h e s g r e e n r e f l e c t a n c e p e a k 
o f v e g e t a t i o n , wh ich i s u s e f u l f o r 
a s s e s s i n g p l a n t v i g o u r , 
3 , 0 , 6 3 - 0 ,69 ji|m Red m a t c h e s a c h l o r o p h y l l a b s o r p t i o n 
band t h a t i s i m p o r t a n t f o r d i s c r i m i n a -
t i n g v e g e t a t i o n t y p e s , 
4, 0 , 7 6 - 0 ,90 j^ m R e f l e c t e d IR u s e f u l f o r d e t e r m i n i n g 
b i o m a s s o o n t o i t and f o r mapping of 
s h o r e l i n e s , 
5 , 1,55 - 1,75 >4m R e f l e c t e d IR i n d i c a t e s m o i s t u r e 
o o n t e n t o f s o i l and v e g e t a t i o n p e n e -
t r a t e s t h i n c l o u d , good c o n t r a s t 
b e t w e « i v e g e t a t i o n t y p e s 
6, 10 ,40 - 12 ,50 14m Thermal IR n i g h t t i m e images a r e 
u s e f u l f o r ^:hermal mapping and f o r 
e s t i m a t i n g s o i l m o i s t u r e , 
7 , 2 , 08 - 2 ,35 Mm R e f l e c t e d IR r a t i o s o f band 5 and 7 
a r e p o t a i t i a l l y u s e f u l f o r mapping 
h y d r o t h e r m a l l y a l t e r e d r o c k s a s s o c i a -
t e d w i t h m i n e r a l d e p o s i t s , 
A c o m p a r a t i v e f i g u r e s o f TM and MSS i s g i v e n i n t a b l e 7 
T a b l e 7/ Comparison be tween TM and MSS 
CHARACTERISTICS MSS TM 
Gray v a l u e r a n g e 0-63 0-255 
Number o f d e t e c t o r s i n o n e band 6 16 & 4 (band 6) 
T o t a l nximbers o f d e t e c t o r s 24 100 
D i r e c t i o n a l o n g w i t h d a t a i s c o l l e -
c t e d W-E bo th ,E-W, W-S 
R e s o l u t i o n 80x80 m 30x30 
1 2 0 x l 2 0 ( b a n d 6) 
Number of band u s e d 4 7 
CHAPTER I I I 
IiANOUS£ AND LANDCOVER 
The l a n d u s e and l a n d c » v e r have been s t u d i e d i n an a t t e m p t 
t o u s e them a s i n t e r p r e t a t i o n a l Jceys f o r geomorph ic & g e o l o g i c 
i n t e r p r e t a t i o n s . The r e m o t e l y s a i s e d d a t a have bean e f f e c t i v e l y 
u t i l i s e d f o r i n t e r p r e t a t i o n o f t h e l a n d u s e & l a n d c o v e r p a t t e r n i n 
p a r t s of J a i p u r a r e a , c o r r e s p o n d i n g t o p a t h 147 and pow 42 of 
LANDSAT, 
The a r e a u n d e r s t u d y c o m p r i s e h i l l y , a l l u v i a l and sandy 
t r a c t s , which have d e t e r m i n e d t h e l a n d u s e & l a n d c o v e r d i s t r i b u t i o n 
i n t h e a r e a . The s o c i o - e c o n o m i c p r o f i l e o f t h e a r e a and l a n d u s e 
a r e i n t e r - r e l a t e d , t h e human a c t i v i t y i n o o n f i r m i t y w i t h t h e 
ecosys t em i s d i r e c t e d t o w a r d s a g r i c u l t u r e , a n i m a l husbandry and 
m i n i n g . E f f o r t has been made t o e x t r a c t i n f o r m a t i o n from 1M PGC 
on l a n d u s e and l a n d c o v e r and t o r e l a t e t h e u s a g e w i t h t h e 
geomorphic e l e m e n t s . The c l a s s i f i c a t i o n a d o p t e d i n t h e p r e s e n t 
s t u < ^ i s b a s e d on USGS sys t em (anon 1 9 7 6 ) . 
The PCC of b a n d s 2 , 3 , and 4 was u s e d f o r mapping l a n d u s e 
u p t o l e v e l I I Figk 7 , shows t h e l a n d u s e and l a n d c o v e r d i s t r i b u t i o n 
of t h e a r e a , t a b l e 8, shows t h e p h o t o c h a r a c t e r of l a n d u s e & 
l a n d c o v e r u n i t s i n t h e a r e a . 
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•^  ^  ^  ^  ^  8, Photocharacter of landuse and 
landOQVer. 
I L ev el I I Leve l Tons T e x t u r e 
m a t t e d 
Blocky 
o o a r s e blocJcy 
t e x t u r e 
f i n e b l o c k y 
t e x t u r e 
P a t t e r n 
I r r e g u l a r boun-
d a r y more 
c o n c e n t r a t i o n 
a r o u n d towns 
r e c t a n g u l a r 
b l o c k y p a t t e r n 
due t o b u i l d i n g 
a r r a n g e m e n t 
i s o l a t e d , aJbsance 
of w e l l d e f i n e d 
p a t t e r n 
Gaomoqjhlc 
a s s o c i a t loi 
R o l l i n g 
p l a i n 
- do -
- dtj -
- dt> -
1) . ^ ^ r i c u l t i i r a l a) Crop l a n d 
L.jnd 
b) O r c h a r d 
R e d d i s h t o n e 
- do -
2, J rbdn o r b u i l t a) Urban s e t t ] em an t g r a y i s h t o n e 
up l a n d 
b} R u r a l s a t t l o n e n t - do 
3) F o r e s t l a n d 
4) Barren l a n d 
c) 
d) 
a ) 
b) 
a ) 
b) 
Ra i lway t r a c k 
Road 
Mixad f o r e s t 
Ohak f o r e s t 
M o i s t u r e f r e e 
l e a d 
Rocky waste 
dark brotm 
da rk , a t 
p l a c e s 
r e d d i s h 
d a r k r e d d i s h 
mixed w i t h 
l i g h t e d t o n e 
da rk b r o w n i s h 
b r i g h t w h i t e 
due t o l a c k 
of m o i s t u r e 
g r e y i s h t o n e 
smooth 
- do -
wooly t o 
smooth 
- do -
medium 
uneven 
l i n e a r 
do 
d e n s e l y f o r e s t 
w i t h i r r e g u l a r 
p a t t e r n 
- do -
i r r e g u l a r 
b o u n d a r i e s 
l i n e a r t o 
c u r v i l i n e a r 
- do 
s t r u c t u r a l 
v a l l e y 
- cto -
Ro 111 ng 
p l a i n 
s t r v i c t u r ^ i 
h i l l s 
i) Water b o d i e s a) R i v e r 
b) R e s e x v i o r 
b r i g h t w h i t e o o a r s e t o 
t o n e due t o medium 
l a c k of w a t e r 
g r e y i s h t o 
b l a c k 
i r r e g u l a r 
b o u n d a r i e s 
w i t h 
c u r v i l i n e a r 
s h a p e 
- do -
R e q o l l t h 
cove r 
- do 
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1. AGRICULTURAL LAND | 
On t h e b a s i s of d i f f e r a i t t e x t u r e and p a t t e r n . I t has 
been c l a s s i f i e d i n t o two sub c l a s s e s . 
a) Crop l ands 
b) Orchards 
l . a ) Crop Lands>-
The p l a i n s a r e covered wi th f e i r t i l e a l l u v i a l s o i l and 
a r e widely used f o r c u l t i v a t i o n of Rabi and Kh^rif c rops , which 
i nc ludes b a j r a , maize, wheat, xLce, gram. The a g r i c u l t u r a l 
f i e l d s i n t h e a rea a r e crop fol low, t h e l anduse i s recognised by 
redd i sh t o n e , mat ted t e x t u r e . 
The scene used f o r l andcover mapping i s of Apr i l 89, 
During t h i s season no c u l t i v a t i o n has bean obsezrved, due t o 
h a r v e s t i n g in March, The crop fol low l and c h a r a c t e r i s e d by 
absence of v e g e t a t i o n e x h i b i t s l i g h t yel low t o whi te t o n e . The 
f i e l d s which have crops a r e c h a r a c t e r i s e d by red t o p ink 
co lour in t h e PCC, 
l , b ) Orchards i -
In t h e PCC t h e o r cha rds a r e e x h i b i t i n g red t o n e 
35 
2. URBAN OR BUILT UP LAND t 
I n t h e f i r s t l e v e l c l a s s i f i c a t i o n a l l human h a b i t a t i o n s 
a r e g r o u p e d a s b u i l t up l a n d , f u r t h e r s e c o n d o r d e r c l a s s i f i c a t i o n 
i s u s e d f o r s u b c l a s s e s t h e s e a r e . 
a) Urban s e t t l a n e n t 
b) R u r a l s a t t l a r o e n t 
c) Ra i lway t r a c k 
d) Road 
2 , a ) Urban S e t t l e m e n t i -
The u r b a n s e t t l e m ^ i t s a r e s e e n a r o u n d t h e L a l s o t , 
Banskho e t c . The u r b a n s e t t l e m e n t s a r e r e c o g n i s e d by l a r g e 
c o v e r a g e o f b u i l t up a r e a , g r a y t o n e i n FCC, r e g u l a r p a t t e r n s of 
b u i l d i n g w i t h t h e n«tworJc of r o a d s and r a i l w a y s t r a c k s , 
2 , b ) R u r a l S e t t l e m a i t i -
I s o l a t e d p a t c h e s w i t h i n t h e a g r i c u l t u r a l f i e l d s 
c h a r a c t e r i s e d by g r a y i s h p h o t o t o n e in FCC, They do n o t show any 
s p e c i f i c p a t t e r n . The communica t ion l i n e s a r e d e v e l o p e d a s 
lane!^ l o c a l l y r o a d s a r e s e e n c o n n e c t i n g t h e s e t t l e m e n t , 
2 , c ) R a i l w a y Track i -
Ra i lway t r a c k s a r e p i c k e d up i n FCC, T h e s e a r e 
c r o s s i n g d i f f e r e n t geomorph ic l e v e l s c o n n e c t i n g t h e s e t t l e m o i t 
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a r e a s . The ra i lway l i n e s a r e c h a r a c t e r i s e d by t h e i r l i n e a r i t y 
and s t r a i g h t n e s s and a t p l a c e s smooth curves / ra i lway l i n e s 
show dark gray t o n e and smooth t e x t u r e , 
2.d) Roads i -
Roads were « icoun te red , t h e s e a r e c r o s s i n g d i f f e r e n t 
geomorphic l e v e l s connec t ing t h e s e t t l e m e n t a r e a s . The roads 
a r e c h a r a c t e r i s e d by l i n e a r i t y as wel l as sudden curves . The 
roads a r e showing r e d d i s h t o n e and smooth t e x t u r e . 
3, FOREST LAND i 
The b iocover which has occupied t h e l a r g e t r a c k of 
h i l l s , a l l u v i a l , and sandy p l a i n s have been inc luded under t h e 
f o r e s t , t h i s i n c l u d e s bo th n a t u r a l and man made f o r e s t cover . 
There a r e two t y p e of f o r e s t in t h e a rea , h ighly c o n t r o l l e d 
by geomorphology, 
3,a) Mixed Fo re s t t -
This t y p e of f o r e s t i s found on t h e s t eep s lopes of t h e 
h i l l s . The spec i e s a r e mainly dry decidous p l a n t s , F icusg lomer ta , 
and Acacia , However t h e low r e s o l u t i o n does not permi t to get 
s p e c i f i c c l a s s i f i c a t i o n . 
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3.b) DhaK F o r e s t «-
This t y p e of f o r e s t i s found in t h e v a l l e y s and f l a t 
p l a i n s of t h e a r e a . The dominant most dhak t r e e s p e c i e s in t h e 
a rea a r e Butea rnonosperma kun tz . Ref l ec t ing deep Brownish t o 
r edd i sh t o n e and uneven wooly t e x t u r e , boundar ies a r e i r r e g u l a r 
i n shape. 
4, BARREN LAND i 
In t h e a rea b a r r e n l and c l a s s i f i e d i n t o , 
a) Moisture free land 
b) Rocky waste 
4.a) Moisture free land i -
These features are seen on FCC as white patches sca t te red 
in t he study area . During in t e rp re t a t ion i t has been observed 
t h a t these patches represents paleochannels, whose hydraulic 
continui ty has been punctuated with the main drainage in the 
area, these moisture free cut off channels have given r a i s e to 
wasteland which a re not useful for ag r i cu l tu ra l purposes. The 
dry seasonal channel and waste land exhibit s imi la r tone in FCC. 
The br ightness of the waste land i s higher in FCC due to 
paucity of moisture. 
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4.b) Rocky Waste i -
Due t o e x t e n s i v e human encroachment around f o r e s t s on 
t h e s t r u c t u r a l and e r o s l o n a l h i l l s i n t h e a r e a , t h e hogback 
r i dges have emerged as rocky was te . These h i l l s s t and ou t in 
prominent r e l i e f a g a i n s t r o l l i n g p l a i n and e x h i b i t gray t o n e , 
uneven t e x t u r e , i r r e g u l a r p a t t e r n , l i n e a r t o c u r v i l i n e a r shape. 
5 . WATER BODIES I 
On t h e b a s i s of d i f f e r e n t t o n e t e x t u r e and p a t t e r n ^ I t 
has been c l a s s i f i e d i n t o two s u b c l a s s e s . 
a) River 
b) Rese rv io r 
5 ,a) R iver i -
In t h e s tudy a rea t h e r i v e r and n a l a s a r e dry and do 
not have wa te r f o r l a r g e p e r i o d of t h e yaar^ t h e Dhand r i v e r and 
Morel r i v e r a r e dry and ephemeral, r i v e r n a l a s a r e d i s t i n g u i s h e d 
on t h e TM FCC by t h e i r b r i g h t wh i t e t o n e , f i n e t e x t u r e and 
c u r v i l i n e a r shape, 
5,b) R e s e r v i o r $-
R e s e r v i o r i s having n e g a t i v e micro r e l i e f and t h e water 
has been accumulated i n t o t h e d e p r e s s i o n s . The water bodies 
e x h i b i t dark b l u e t o b l ack t o n e in FCC, t e x t u r e i s even. 
CPiAPTER IV 
GEXDMORPHOLOGY 
INTRODUCTION j 
The s t u d y a r e a comes u n d e r t h e a r i d f r o n t i e r o f R a j a s t h a n . 
The geomorph ic l a n d s c a p e h a s been s c u l p t u r e d t h r o u g h e r o s i o n a l 
c y c l e s , r e p r e s e n t e d by v a r i o u s p l a n e r ( p l a n a t i o n ) s u r f a c e s , l i t h o l o -
gy and s t r u c t u r e s have p l a y e d a dominant r o l e i n c a r v i n g o u t t h e 
p r e s e n t c o n f i g u r a t i o n o f t h e l a n d f o r m s . The l a n d f o r m s w e r e s t u d i e d 
t o e s t a b l i s h r e l a t i o n s h i p be tween t h e l a n d f o r m s and s o l i d geo logy 
u s i n g r enx j t e ly s e n s e d d a t a p r o d u c t t h r o u g h combined man m a c h i n e 
p r o c e s s i n g , a t t e m p t has been made t o map t h e p l a n e r s u r f a c e s i n t h e 
a r e a , t o d e v e l o p morphochrono logy of t h e v a r i o u s geomorphic e l e m e n t s , 
PLANER SURF AC BS t 
T h r e e p l a n e r s u r f a c e s have b e a i i n d « i t i f i e d i n R a j a s t h a n 
(Heron 1 9 3 8 ) , He a s s i g n e d t h r e e p h a s e s o f p a n e p l a n a t i o n t o Mesozo ic , 
T e r t i a r y and Q u a t e r n a r y , R a s i k & B a k l i w a l (1983) a l s o r e p o r t e d 
t h r e e p l a n e r s u r f a c e s from Alwar (600 m), J h u n j h a n o (500 m) and 
S i k a r (375 m) above t h e datum l i n e . Dur ing t h e c o u r s e o f p r e s e n t 
s t u d y t h r e e p r o f i l e s e c t i o n s w e r e p r e p a r e d be tween 76° 00 & 76° 30 
e a s t l o n g i t u d e , c o r r e s p o n d i n g t o N o r t h l a t i t u d e s 26° 32^1, 26° 35* 
26 4 0 ' , The s e c t i o n s w e r e s u p e r i m p o s e d on a common b a s e l i n e t o 
d e l i n e a t e t h e p l a n e r s u r f a c e s , t h e a c c o r d a n c e of sommit l e v e l s and 
g a n e r a l t o p o g r a p h y s u g g e s t s u r f a c e s c o r r e s p o n d i n g t o 500 ra 400 m & 
280 t o 300 m. F i g , 8, shows t h e p l a n e r s u r f a c e s . 
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I q b a l u d d i n (1989) r e c o r d s t h e t o p of t h e Deccan t r a p p l a t e a u from 
320 m, t h e b a s e o f t h e t r a p from 280 from 280 m and a l l u v i a l p l a i n 
from 110 m a b o v e M.S .L , which I n t e n n s o f a g e s u g g e s t t h a t i n s o u t h 
w e s t e r n R a j a s t h a n t h e T e r t i a r y s u r f a c e c o r r e s p o n d s t o 320 m, Meso-
z o i c s u r f a c e c o r r e s p o n d s t o 280 m and Q u a t e r n a r y p l a n e r s u r f a c e s 
c o r r e s p o n d s t o 110 m, above M.S .L , I n t h e above c o n t r a s t t h e p l a n e r 
s u r f a c e s d e v e l o p e d i n J a i p u r a r e a i n N«E, R a j a s t h a n c o r r e s p o n d i n g 
t o 600 m, Sc 500 m, M.S .L , may b e o l d e r t h a n M e s o z o i c , 
JHJNJHJNU SURFACE : 
The 500 m p l a n e r s u r f a c e f o r p u r p o s e of d e s c r i p t i o n has 
been d e s i g n a t e d a s Jhun jhunu su i r face ( R a s i k & B a k l i w a l 1983 ) , t h i s 
p l a n e r s u r f a c e i s e s s a a t i a l l y an e r o s i o n a l s u r f a c e c a r v e d o u t by 
p r o c e s s o f p a i e p l a n a t i o n . T h i s i s s u p p o r t e d by p r e s a i c e o f rocXs of 
d i f f e r e n t a g e a t t h e same geomorphic l e v e l . The a g e o f Jhunjhunu 
s u r f a c e h a s been c o n s i d e r e d a s p r e - m e s o z o i c d u e t o t h e f a c t t h a t 
t h e m e s o z o i c s i g n a t u r e i n R a j a s t h a n a r e seen a t 280 lo above M.S .L . 
( s e e I q b a l u d d i n 1 9 8 9 ) . T h i s s u r f a c e i s d e f i n e d by e r o s i o n a l inhomo-
g e n i t i e s m a n i f e s t e d a s hogback h i l l s , and i n t e r v e n i n g v a l l e y s . 
SIKAR SURFACE I 
The deve lopmen t o f 400 m s u r f a c e I s d e f i n e d by i s o l a t e d 
p e a k i n p e d i m e n t s l o p e s d e v e l o p e d i n t h e h i l l y t r a c t o f Alwar group 
f o l l o w i n g R a s i k & B a k l i w a l (1983) i t has bean d e s i g n a t e d S i k a r 
s u r f a c e . T h i s s u r f a c e i s e r o s i o n a l c a r v e d o u t by deep e r o s i o n and 
r e t r e a t i n g moun ta in f r o n t l e a v i n g b e h i n d t h e p e d i m e n t s l o p e s . 
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Like Jhunjhunu s u r f a c e t h i s s u r f a c e a l s o comprises of d i f f e r a i t 
l i t h o l o g i e s and t e c t o n i c s t y l e s which occur a t same georaorphic 
l e v e l , s i n c e t h i s s u r f a c e i s o l d e r than J a i p u r s u r f a c e and younger 
then Jhunjhunu s u r f a c e . I t may b e s a i d t h a t i s of mesozolc age, 
JAIPUR SUR!FACE t 
J a i p u r s u r f a c e co r responds to 280 m t o 300 m above M.S.L, 
in n o r t h - e a s t e r n Ra jas than , This i s a d e p o s i t i o n a l s u r f a c e 
comprising of a eo l i an and f l u v i a l s i l i c i - c l a s t i c s . This s u r f a c e 
i s much younger then t h e o t h e r two s u r f a c e s . The s u r f a c e i s form-
ing a r o l l i n g p l a i n whose monotomy i s punc tua ted by t h e develop-
ment of s u r f a c e d ra inage and a e o l i a n d e p o s i t s . The J a i p u r su r f ace 
r e s p r e s e n t t h e q u a t e r n a r y / r e c e n t d e p o s i t i o n a l even t . 
G£30M0RPHIC FEATURES t 
i n o r d e r t o e s t a b l i s h t h e r e l a t i o n s h i p between topography 
and s o l i d geology of t h e a r ea , t e r r a i n a n a l y s i s in p a r t of J a i p u r 
d i s t t has b e a i c a r r i e d o u t u s i n g va r ious LANDSAT da ta products 
bo th in v i s u a l and d i g i t a l mode. 
Var ious geomorphic f e a t u r e s have been mapped through conver-
g a i c e of p h o t o - r e c o g n i t i o n and geo techn ica l e lements . These f e a t u r e s 
a r e shown i n F i g , 9 , The geomorphic f e a t u r e s encountered in t h e 
a rea a r e as fo l l ows . 
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4 -• 
1) S t ruc tura l h i l l s & val leys 
2) Buried pedimoits 
3) Deep buried pediments 
4) Brosional h i l l s & val leys 
5) Roll ing p la in 
6) Hogback 
7) Cut off paleochannels 
8) Surface drainage. 
1) S t ruc tu ra l h i l l s & va l leys i -
The pronounced well defined ridges and va l leys a r e c lear ly 
seen in t he IM FCC, the s t r u c t u r a l h i l l and va l leys have a NNS-SSW 
trend, which becomes curv i l inea r due t o polyphase deformation of 
t h e Delhi Supergroup, The topography has not reached t h e matured 
s tage. The a n t i c l i n e s forms s t ruc tu ra l h i l l s and syncline define 
complimentary s t r uc tu r a l va l l eys . Locally t h e sof ter l i t ho log ie s 
in t he a n t i c l i n a l axia l 2XDnes have undergone accel ra ted erosion 
and have formed the erosional va l l eys . The r idge features of s t r u -
c tura l h i l l s have been mapped as hogback slopes depending upon the 
symmetry of the r idge p r o f i l e , 
2) Buried Pediments i -
The buried pediments a re covered by a th in vaneer of a l l u -
vium and co l luv ia l sedimait deposited at t he foot of the receding 
mountain f ront . They a re associated with most of outcrops in the 
area . In PGC the un i t i s recognised by i t s l i g h t brown to whitish 
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tone ,which s ^ e r a t e i t from ad jacen t h i l l s , which appears darker 
brown tone , taxtura i s even, d r a i n a g e i s l i n e a r wi th r a d i a l p a t t e r n . 
3) Deep burled pediments i -
This geomorphic u n i t i s c h a r a c t e r i s e d by development of a 
Quaternary d e p o s i t i o n a l su r f ace , t h i s geomorphic u n i t i s demarcated 
by p i n k i s h gray t o n e on IM FCC, mat ted t e x t u r e has developed due to 
ex t ens ive c u l t i v a t i o n , boundar ies a r e c u r v i l i n e a r , d ra inage i s e x t e -
r n a l , g u l l y and shee t e ros ion i s e x t e n s i v e in t h i s u n i t . The deep 
b u r i e d pediments have been d e l i n e a t e d on t h e bases of t h e l i n e a r i t y 
of t h e channel a long t h e p e r i p h e r y of t h e s t n a c t u r a l h i l l s . 
4) Eros ional h i l l s and v a l l e y s »-
I s o l a t e d landforms p r o j e c t i n g a b r u p t l y from t h e al luvium 
c o n s t i t u t e d i s t i n c t geomorphic f e a t u r e s , t h e s e e r o s i o n a l f e a t u r e s 
a r e dependent upon t h e l i t h o l o g y of t h e a r e a , e ro s iona l h i l l s have 
been developed on harder l i t h o l o g y most ly q u a r t z i t e as t h e r e s i s -
t a n c e t o e ros ion i s high, w h i l e t h e e r o s i o n a l v a l l e y s have been 
developed on s o f t e r l i t h o l o g y . These f e a t u r e s can be s e a i in t h e 
a rea where t h e rocks of Delhi Supergroup a r e exposed. 
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5) R o l l i n g p l a i n i -
The a l l u v i a l t r a c t in t h e a r ea shows an uneven su r f ace , 
r e f l e c t i n g t h e unde r ly ing topography. The a c c i d a i t e d s l o p e of t h e 
d e p o s i t s have given r a i s e t o t h e r o l l i n g p la in^ c h a r a c t e r i s e d by 
l o c a l v a r i a t i o n s i n t h e d r a i n a g e d i r e c t i o n s , p a t t e r n s and t h e types 
in conformity wi th t h e s u b - s u r f a c e topography of t h e a r e a . The 
l anduse i s c h a r a c t e r i s e d by i n t e i s i v e a g r i c u l t u r a l a c t i v i t y , biomass 
r e f l e c t s red t o n e in FCC, t e x t u r e i s mat ted , human i n f l u e n c e i s 
commonly seen as s e t t l e m e n t s , roads , ra i lway l i n e s e t c . The r o l l -
ing p l a i n have very sharp and pronounced boundar ies wi th t h e 
s t r u c t u r a l h i l l s , bu t they show g r a d a t i o n a l c o n t a c t s wi th f l u v i a l 
landforms and Quaternary d e p o s i t s , t h e smoothness of t h e geomorphic 
s u r f a c e i s punc tua ted by t h e cover of t h e a e o l i a n d e p o s i t s of sand 
bod ies and t h e development o f s u r f a c e d r a i n a g e , 
6) Hogback t -
They e x h i b i t n e a r l y symmetrical r i d g e p r o f i l e i n t h e guar -
t z i t e s of Alwar group. The f i r s t o r d e r channe ls on bo th t h e s lopes 
of t h e r i d g e a r e of eqaal l e n g t h . The hogback r i d g e s a r e c u r v i l i -
near^ r e f l e c t i n g t h e superposed deformation of t h e De lh i -Tec ton ic 
System, The hogback a r e covered by s p a r s e v e g e t a t i o n and a r e having 
daxJc t o n e and c o a r s e t e x t u r e , hogback topography has been c o n t r o l l e d 
by s t e e p l y d ipp ing s t r a t a , r e s i s t a n c e t o e ros ion i s high. 
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7) Cut o f f pa l eo channels »-
These f e a t u r e s a r e seen on PCC as wh i t e p a t c h e s s c a t t e r e d 
in t h e s tudy a r e a . During i n t e r p r e t a t i o n i t has been observed t h a t 
t h e s e p a t c h e s r e p r e s a i t s pa leochanne l s whose h y d r a u l i c c o n t i n u i t y 
has been punc tua t ed with t h e main d r a inage in t h e a r e a . These 
mo i s tu re f r e e c u t off channels have given r a i s e t o was te land,which 
a r e not use fu l f o r a g r i c u l t u r a l p u r p o s e s . 
The dry seasonal channel and cut off pa leochanne l s e x h i b i t 
s i m i l a r t o n e in FCC, The b r i g h t n e s s of t h e cu t off pa leochanne l s 
i s h igher in FCC due to p a u c i t y of m o i s t u r e . 
8) Su r f ace d r a inage t -
The main r i v e r s in t h e s tudy a r ea a r e Dhund r i v e r . Morel 
r i v e r wi th t h e i r t r i b u t a r i e s c o n s t i t u t i n g t h e s u r f a c e d r a inage of 
t h e a r e a . The TM FCC belongs t o dry month of t h e y e a r i , e A p r i l , 
t h e r e f o r e r i v e r & Nalas a r e r e f l e c t i n g b r i g h t t o n e which i s due t o 
lacJc of wa t e r . 
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DRAINAGE MORPHOMETRIC ANALYSIS OP MOREL SUB-3ASIN 
Morel sub bas in i s s e l e c t e d f o r d r a i n a g e inorphometric analy-
s i s . The d ra inage map of moral sub b a s i n i s shown in Pig ^Q • 
Stream o r d e r s and o t h e r bas in c h a r a c t e r i s t i c s have been p r e p a r e d . 
The d ra inage b a s i n c h a r a c t e r i s t i c s have been ana lysed i n o r d e r t o 
s tudy t h e fo l lowing, 
1) L inea r aspec t of t h e channel 
2) A e r i a l a spec t of d r a inage bas in 
1) L inea r a spec t of t h e channel system i -
Fol lowing pa rame te r s comes under t h e l i n e a r a spec t of t h e 
channel system they a r e . 
a) Stream o r d e r s 
b) Stream numbers 
c) B i fu rca t ion r a t i o 
d) Stream l eng th 
l . a ) Stream o r d e r s i -
This system was p ionee red by Horten, RE (1945) but l a t e r 
s l i g h t l y n i d i f i e d by S t r a h l e r A.N (1952), has been followed fo r 
t h e o r d e r i n g of s t r eams . Morel sub-bas in i s d ra ined by 3rd o r d e r 
channel F ig lo • 
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l ,b) Stream numbers i -
The law of stream number was given by Horten (1945)^ which 
s t a t e s tha t t h e number of stream decreases as t he stream order 
increses , t he number of stream segments present in t he given order 
were counted and a re presented in t a b l e 9. 
l . c ) Bifurcation ra t io t-
This s t a t e s tha t the r a t io of number of stream segments 
present in given order to the number of stream segments present in 
t he next higher order , 
Rb « Mu/Nu+1 
where Rb « Bifurcation r a t i o 
Nu = Number of stream segment in the given 
order 
Bifurcation r a t ios for d i f ferent orders were calculated 
and presented in t a b l e 9 • The mean value of b i furcat ion r a t i o 
was found 3.62. Actual number of streams used in the r a t io were 
counted and weighted, mean bi furca t ion r a t i o was calculated, 
t a b l e 9 , The stream orders and number of streams were p lo t t ed 
on semi-long paper and a s t r a i g h t l i n e was drawn. The slope shows 
the bi furcat ion r a t i o s f ig 11 , 
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Table 9 _, Stream o r d e r s and b i f u r c a t i o n r a t i o s 
Order nximber Ntimber of B i fu rca t i on Number of Product 
stream r a t i o Stream of column 
used in t h e 2 & 3 
r a t i o 
I 13 3.25 17 65,25 
II • 4 4 5 20 
III 1 
18 25 85.25 
l . d ) Stream l e n g t h i -
The Iffligth of v a r i o u s s t reams were measured and t h e t o t a l 
l eng th a s wel l a s mean l e n g t h (L u) of each o r d e r were computed. 
Mean l e n g t h (L u) of a s tream channel segmeit of o r d e r u i s a 
dimensional property^ r e v e a l i n g t h e c h a r a c t e r i s t i c s s i z e of components 
of a d ra inage network and i t s c o n t r i b u t i n g b a s i n s u r f a c e s . The 
l a i g t h r a t i o (R ) , which i s t h e r a t i o of t h e mean l e n g t h of t h e 
stream of a given o r d e r t o t h e mean l e n g t h of t h e stream of t h e 
next lower o r d e r was t h a i c a l c u l a t e d fo r each p a i r of t h e o r d e r s . 
10-0 
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Table 10, exhibi ts the values of stream length, mean stream 
length, length r a t io and mean length r a t i o , mean stream length 
p lo t t ed against stream orders on seni log paper reveals t h a t the 
mean stream length of stream increases with the increase of order 
Fig 12 • The bes t f i t regression l i n e was drawn and slope of which 
determines the mean length r a t i o . 
Table 10, Stream lengths & length Ratios 
Stream 
o r d e r 
I 
I I 
I I I 
Stream 
Length 
(km) 
52.5 
20.62 
15 
L=88.12 
Mean Stream 
Length (km) 
4.038 
5.155 
15 
Length Ra t io 
0.3927 
0.7274 
Mean length r a t io (Arithmetic) = 0.56005. 
2. Aerial Aspect, of Drainage Basin »-
Following parameters comes under the ae r i a l aspect of the 
drainage basin they a re . 
a) Basin shape 
b) Elongation ratio 
c) Form factor 
d) Ci rcu la r i ty r a t i o 
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e) Drainage density 
f) Stream frequency 
g) Infiltration number 
h) Length of over l and flow 
2,a) Basin shape i -
The d i scha rge c h a r a c t e r i s t i c s of t h e stream a r e determined 
by t h e bas in shape. The e longa t ion r a t i o (Re), form f a c t o r (Rf) 
and c i r c u l a r i t y r a t i o (Re) d e s c r i b e t h e b a s i n shape. These parame-
t e r s have been desc r ibed i n b r i e f f o r t h e Morel Sub-bas in . 
2.b) Elongat ion R^t io (Re) i -
Elongat ion r a t i o (Re) i s t h e r a t i o of t h e d iameter of t h e 
c i r c l e (having area equal t o t h a t of bas in ) and t h e maxj-mum l eng th 
of t h e b a s i n . I t i s expressed a s i 
Re s 
Lb (max) 
Where Au = basin area (tan) 
Lb (max)= maximum length of the basin (km) 
(See schumm, 1956) 
2.c) Form factor (Rf) j-
Form factor (Rf) is the ratio of the basin area to the 
square of basin length. It is dimensionless in nature. It is 
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expressed as 
2 Where Au = b a s i n a rea (km) 
Lb = bas in l e n g t h (]<in) 
(See Hortx)n 1932) 
2.d) C i r c u l a r i t y Ra t io (Re) i -
C i r c u l a r l t y r a t i o (Re) i s used to d e s c r i b e t h e shape of 
t h e b a s i n . I t i s t h e r a t i o between t h e area of t h e b a s i n and t h e 
a rea of c i r c l e having t h e same c i rcumference as t h e p e r i m e t e r of 
t h e b a s i n . I t i s d imens ionless i n n a t u r e . I t i s expressed as 
P2 
Where P = perimeter of the basin ()an) 
2 
Au = area of the basin (km) 
(See Miller VC 195 3). 
Values of va r ious shape p a r a m e t e r s of Morel sub-bas in 
have been determined and p r e s e n t e d i n Table 1 1 , 
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Table 11, Shape pa ramete r of Morel Sub-basin^ 
Drainage Basin Basin Elongat ion Form C i r c u l a -
area (km) p e r i m e t e r l eng th r a t i o f a c t o r r i t y r a t i o 
(max) (Rf) (Re) 
277.935 35.5 21.0735 1.79175 2.52095 0.6878 
2.e) Drainage d e n s i t y »-
Drainage d e n s i t y i s t h e Ra t io of t h e summation of t o t a l 
stream l eng th t o t h e t o t a l b a s i n a r e a , t hus I t i s expressed as 
Drainage d e n s i t y (Dd) _ ^ L 
~ Au 
Where ^ L = t o t a l l eng th of stream ()cra) 
Au 5s a rea of t h e bas in (Ion; 
(See Horton 1932) 
2.f) Stream frequency t -
Stream frequency i s t h e number of stream segment p e r u n i t 
area thus 
Stream frequency p_ _ Ns 
Au 
Where Ns = t o t a l number of s t reams 
2 Au = b a s i n a rea (km) 
Table 12, shows t h e numerical va lue of stream frequency. 
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2,g) I n f i l t r a t i o n number : -
I n f i l t r a t i o n number i s defined as the product of drainage 
density and stream frequency of any given basin. I t i s inversely 
proport ional to i n f i l t r a t i o n capacity of the basin and d i r ec t ly 
proport ional to Run off. I n f i l t r a t i o n number i s given in Table 12 
2.h) Length of over land flow »-
Horton (1945) used the term. Length of overland flow (Lg) 
as the length of flow path, projected to the horizontal of non 
channel flow from a point on the drainage divide to a point on the 
adjacent stream channel. He fur ther observed tha t (Lg) i s one of 
the most important ind^enden t var iab le , which affect hydrologic 
and physiographic development of drainage basin, for the sake of 
s impl ic i ty , Horton had taken i t approximately ecjual to one half 
the reciprocal of drainage density thus , length of overland flow 
Lg = 1 Au 
2 £L 
Table 1^ shows the determined value of Lg, 
Table 12, presents the drainage density, stream frequency 
I n f i l t r a t i o n number and length of t he overland flow of Morel 
Sub-basin, 
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Table 12, Drainage density, stream frequency, i n f i l t r a t i o n 
e t c . 
Drainage stream I n f i l t r a t i o n Length of 
density frequency number overland flow 
0,31705 0.06476 0.02053 1,5770 
CHAPTER V 
DIGITAL IMAGE PROCESSING 
A v a r i e t y o f r e m o t e s e n s i n g d a t a a r e r e c o r d e d i n d i g i t a l 
mode f o r t h e m a t i c a n a l y s i s u s i n g c o m p u t e r s . The b a s i c r o q u i r e m o n t s 
i n d i g i t a l image p r o c e s s i n g i n v o l v e s a m i c r o p r o c e s s o r , which c o n v e r t s 
t h e d i g i t a l d a t a i n t o an image f o r i n f o r m a t i o n e x t r a c t i o n , w i t h 
minimal c o r r e c t i o n s and c a l i b r a t i o n s . L a r g e main frame c o m p u t e r s 
a r e a l s o eniployed f o r s o p h i s t i c a t e d i n t e r a c t i v e m a h i p u l a t i o n of 
d i g i t a l d a t a f o r t h e m a t i c i n t e r p r e t a t i o n s from t h e i m a g e s . 
The image p r o c e s s i n g can b e g r o u p e d i n t o f o l l o w i n g t h r e e 
c l a s s e s 
1) Image R e s t o r a t i o n and C o r r e c t i o n 
i i ) Image Enhancement 
i i i ) Image C l a s s i f i c a t i o n 
i ) Image R e s t o r a t i o n and C o r r e c t i o n i - I t forms t h e p r e p r o c e s s i n g 
s t a g e , r e s t o r a t i o n p r o c e s s e s a r e d e s i g n e d t o r e c o g n i z e and compen-
s a t e f o r e r r o r s , e r r o r s a r e d e v e l o p e d b e c a u s e of n o i s e , g e o m e t r i c 
d i s t o r t i o n s e t c , d u r i n g t h e s c a n n i n g and r e c o r d i n g p r o c e s s e s . The 
d a t a r e s t o r e by n o i s e removal and c o r r e c t d a t a f o r g e o m e t r i c 
d i s t o r t i o n s e t c . F i g 13, shov/s t h e removal of n o i s e by f i l t e r i n g . 
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Fig, 13, Removal of noise by filtering 
(source Sabins 1987) 
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i i ) Image Enhanconent i - This technique of d i g i t a l image processing 
i s used to improve the qual i ty of an image, for b e t t e r extract ion 
of the t e r r a i n informations^ normally enhanceinent i s responsible 
for d i s to r t ion of the o r ig ina l values , therefore enhancement i s not 
done u n t i l the res tora t ion process are oompleted. Either form of 
enhancement can be performed on s ingle band (monochrome) images or 
on the individual components of multi-image composites. Image 
enhancement techniques can be grouped i n t o . 
1) Contrast Manipulation 
l .a) Gray level thresholding 
l.b) Level s l i c ing 
1, c) Contrast s t re tching 
2) Spat ia l Feature Manipulation 
2,a) Spa t ia l f i l t e r i n g 
2,b) Edge enhancement 
3) Multi-im.age Manipulation 
3,a) Pr inc ipa l components 
3,b) Band ra t io ing 
1) Contrast Manipulation : - By the appl ica t ion of contrast manipu-
la t ion , the resolving power and detection c a p a b i l i t i e s of an image 
can be increased. I t can be grouped in to 
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l .a) Gray Level Thresholding $- This technique i s used to segment 
an input image into two classes , one for those p ixe l s having values 
below an analyst defined gray leve l and one for those above t h i s 
value, use of thresholding to prepare a binary mask for an image^ 
such masks a re used to segment an image in to two c lasses , 
l .b) Level Sl ic ing i - Level s l i c ing i s an enhancement technique, 
the DNs d i s t r ibu ted along the x axis of an image, histogram are 
divided in to a s e r i e s of analyst specif ied i n t e r v a l s o r s l i c e s , a l l 
of t h e DNs f a l l i ng within a given in te rva l in the input image are 
then displayed a t a s ing le DN in t h e output image. The r e s u l t looks 
something l i k e a contour map, level s l i c ing i s used extensively in 
the display of thermal inf rared images in order to show d i sc re t e 
temperature ranges, 
l .c ) Contrast Stre tching i - Contrast s t re tch ing i s a technique 
which helps in s t re tch ing the raw data of an image, extending the 
narrow range of DN values present in an o r ig ina l input image over 
a wider range of gray values to produce image with optimum contras t 
r a t i o . The resu l t ing output image now has a histogram which has a 
gray level d i s t r ibu t ion frtjm 0 to 255, improving the qual i ty of the 
image in terms of cont ras t . Fig 14, shows the contras t s t r e t ch 
enhancement, following are t he di f ferent methods of contrast 
s t re tch ing . 
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l . 'c.a) Linear Contrast S t re tching 
l . c .b ) Non l i n e a r cont ras t s t re tch ing 
l . c . c ) Histogram equalizat ion 
I . e . a ) Linear Contrast St re tching i - In l i n e a r contras t s t re tching 
a DN value of t h e low value of o r ig ina l histogram i s assigned to 
extreme black and vice-versa . There i s loss of contras t a t both 
the ends. Linear contras t s t re tch ing i s useful^ where t he r e i s no 
effect on the information r e l a t ed to thematic mapping by omitting 
about 4% of ON values a t t h e br ightness and and darkness of t he 
histogram, 
l , c ,b ) Non Linear Stre tching i - In non l i n e a r s t re tching the re i s 
non uniform oihancement of ce r ta in port ion of DN values within the 
histogram. In t h i s way we can s t r e t c h and oontipress as p e r requi re-
mait . This may be grouped in to th ree ca tegor ies , 
l , c , b , a ) t Loqrithmic St re tching i - Logrlthmic s t re tch ing i s a 
technique used to s t r e t ch low DN level and conpress t h e higher 
ON level values, 
l , c , b ,b ) I Exponential St re tching t - Exponential s t re tch ing i s a 
technique used to s t r e t ch high I^ level and compress t he lower DN 
level values, 
l . c . b . c ) t Piecewise St re tching t - Piecewise s t re tch ing involves 
both logri thmic s t re tch ing and exponait ial s t r e t ch ing . 
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I . e . c ) Hlstoorain Bquallsatlon i - By t h i s process image values are 
assigned t o t h e gray l eve l s on t h e bas i s of t h e i r frequency of 
occuranoe, more display values are assigned to t he frequently 
o ecu ring por t ion of the histogram and vice-versa , 
2) Spa t ia l Feature Manipulation i - Following parameters comes 
under spa t i a l fea ture manipulation techniques they are^ 
2.a) Spat ia l F i l t e r i n g t -
2.b) Edge Enhancement 
2,a) Spat ia l F i l t e r i n q i - Spa t ia l frequency refers to the rough-
ness of t he tonal va r i a t ions occurlng in an image, image areas of 
high sfpatlal frequency a re t o t a l l y rough i . e the gray level in 
these areas change abruptly over a r e l a t i v e l y small number of 
p i x e l s . Smooth dLmage areas a re those of low spa t i a l frequencies 
where gray l eve l s vary only gradually over a r e l a t i v e l y l a rge 
number of p i x e l s . Spat ia l f i l t e r i n g i s a loca l operation In tha t 
p ixe l values in an o r ig ina l image a re modified on the bas i s of 
t he gray l eve l s of neighbouring p i x e l s . Spa t ia l f i l t e r i n g have been 
grouped in to two. 
2, a, a) Low Pass F i l t e r 
2.a.b) High Pass F i l t e r 
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2,a, a) Low Pass F i l t e r j - The low pass f i l t e r s a re designed to 
emphasize the low spa t i a l frequency object and obs t ruct the high 
spa t i a l frequ^icy object , 
2.a.b) High Pass F i l t e r »- The high pass f i l t e r a re designed to 
emphasize high spa t i a l frequency object and de-amphasize low 
spa t ia l frequency objec t . I f we apply t h i s technique on agr icu l tu -
ral f i e ld with mul t ip le crop type , the re wi l l be enhancement of 
boundaries for different crop types , 
2,b) Edge Enhancemqit t- Edge aihancement emphasize t h e appear-
ance of edges and lineaments. On the bas i s of t he pronounce differ-
^ice in br ightness some edges a re recognised. However some edges 
may not be recognised because of sub t le br ightness index. F i l t e r s 
have been developed s ign i f i can t ly to enhance edges in image and 
f a l l in to two ca tegor ies . 
2,b,a) Non Directional F i l t e r s 
2,b,b) Direct ional F i l t e r s 
2,b,a) Non Direct ional F i l t e r s i - Non d i rec t iona l f i l t e r s also 
ca l led Laplacian f i l t e r . Laplacian f i l t e r enhances l i n e a r feature 
in almost any o r i en ta t ion in an image,except l i n e a r feature o r ien-
t ed p a r a l l e l with t h e d i rec t ion of f i l t e r movement. The Laplacian 
kernel i s placed over a th ree by t h r ee array of o r ig ina l p ixe ls & 
each pixel i s mul t ip l ied by the corresponding value in the kernel . 
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Fig. 15, Non d i rec t iona l edge enhancement using 
Laplacian f i l t e r (source Sabins 1987) 
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The n ^ 9 values of kernel a re added. The resu l t ing value for 
t he f i l t e i ; kernel i s combined with t h e cent ra l p ixe l of 3 x 3 
array and t h i s naw number replaces t he o r ig ina l DN of the centra l 
p i x e l , l i k a wise process repeats u n t i l t he kernel reaches the 
r igh t margin of t he p ixe l arzray. The kernel then sh i f t s back to 
t h e l e f t margin drops down one l i n e of p i x e l s , and continues the 
same process . In t h i s f i l t e r e d data se t , t h e outermost column i s 
block because they cannot form cent ra l p ixe l in an array. This 
gives dark tone to enhance l i n e a r fea tures . Fig 15, shows the non 
directonal edge enhancement, 
2.b,b) Direct ional F i l t e r s t - I t enhances the lineament in the 
d i rec t ion in which we wish to enhance, a f i l t e r of two kernel each 
of which of an array 3 x 3 p ixe l i s used, l e f t kernel i s multlpli@c 
by cos A, where A i s t he angle r e l a t i v e to N of the l i n e a r d i rec -
t ion to be enhanced, r ight kernel i s mul t ip l ied by sin A, Angle 
in the N-W quadrant i s p o s i t i v e and N-E quadrant i s negat ive. The 
f i l t e r can be demonsbrated by applying i t to a data se t Fig 16, in 
which a b r i gh t e r area (DN = 40) i s seperated from a darker area 
DN =t 35 along tonal lineament t h a t t rends N-B (A = 45), p r o f i l e 
A-B shows br ightness difference (DN ss 5 ) across t he lineament . 
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Fig, 16, Edge enhancement using directional filter 
(source Sabins 1987) 
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I n o r d e r t o e x t r a c t i n f o r m a t i o n a b o u t l a n d u s e l a n d c o v a r , 
gaoroorphology and g e o l o g y o f t h e s t u d y a rea^ TM CCT (147 - 042, Q2) 
was a n a l y s e d u s i n g combine man m a c h i n e p r o c e s s i n g , 
OOMPUTER SYSTE>1 USED t 
HCL - ISROVISION i s an image p r o c e s s i n g sys tem a t RSACRfiG, 
A l i g a r h Muslim U n i v e r s i t y , A l i g a r h ^ w a s u s e d f o r g e n e r a t i n g d i f f e r e n t 
o u t p u t . T h i s image p r o c e s s i n g sys tem d e s i g n e d and imp lemen ted a round 
a s t a n d a r d HCL Busybee PC/AT 386 compu te r sys tem and a s p e c i a l 
p u r p o s e image d i s p l a y p r o c e s s o r c a l l e d VIBGYOR - 2 0 0 1 , T h i s sys tem 
p r o v i d e s c o m p r e h e n s i v e image d a t a h a n d l i n g , p r o c e s s i n g and a n a l y s i s . 
The image p r o c e s s i n g f a c i l i t y i n c l u d e s s o f t w a r e p a c k a g e p r o v i d e d 
by SAC Ahmadabad, c o m p r i s e of SAC IMAGE s o f t w a r e l i b r a r y , ADS, 
A p p l i c a t i o n s Development Sys tem - DLP, Da ta L i n k P a c k a g e , 
Maximum c o n f i g u r a t i o n h o s t can c o m p r i s e o f 
8 MB RAM 
1x1 ,2 MB F l o p p y d r i v e 
2x80 MB/2 X 300 MB Hard d i s c 
- EGA c o l o u r m o n i t e r 
- 1 X 60 MB c a r t r i d g e t a p e / 1 s t r e a m e r t a p e 
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Products Obtain by Digi ta l Imaoe Prt>cesslnQ t - The d i g i t a l image 
processing f a c i l i t i e s of RSACRflG, Aligarh Muslim University^Aligarh, 
were used for preparat ion of FCC, p r inc ipa l cortponant images, 
unsupervised c l a s s i f i ca t ion image, r a t i o images e tc . To obtain 
maximum thematic information on geomorphology, geology, landuse, 
landoover e tc in the study area . 
False Colour Composite FCC. >-» In order to ex t rac t more thematic 
information from the images, FCC's were prepared with a combination 
of th ree di f ferent bands. During the course of present study 
several FCC's were generated using di f ferent band combinations of 
LANDSAT TM data. Photographic hard copies p r i n t out were t aka i for 
each combination. 
Ratio Images i - Ratio images a re prepared by algorithm which 
divides DN in one band by t h e corresponding DN in another band 
for each p i x e l , thus s t re tch ing the resu l t ing value and making 
new image, A number of r a t i o images can be p r ^ a r e d using s ix 
o r ig ina l TM bands. In the r a t io images t h e black and white extremes 
of the gray scale , represent p ixe l s with the g rea tes t difference 
in r e f l e c t i v i t y between the two spec t ra l bands. The b r igh t e s t 
port ion in t he image are, areas where the denominator of t h e r a t i o s 
i s lower than t h e numerator and vice-versa for b r igh te r s ignature . 
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Where the denominator and numerator a re having the same p ixe l 
values, the resu l t ing image has no difference between the two 
bands. 
Pr inc ipa l Coroponent Images »- Pr inc ipa l component image have been 
used for cor re la t ion of bands on x and y ax i s - p r inc ipa l component 
image i s a d i g i t a l l y pnocessed image,which i s produced by a t r a n s -
formation which i s capable of recognising maximum variance in 
multi spect ra l images, p r inc ipa l component images were generated 
and FCC were prepared. Pr inc ipa l component images can be combined 
with o ther bands to produce a FCC for b e t t e r image information 
extract ion fig I7, shows the p r inc ipa l component transformation 
The elongate d i s t r ibu t ion pa t t e rn of t he data poin ts i nd i ca t e s , 
t h a t as br ightness in band 1 increases , br ightness in band 2 also 
increases . 
Image Class i f ica t ion 1- The image c l a s s i f i c a t i on procedure aims 
to categories p ixe l s in image in to differenit landoover c lasses or 
themes using oomputer algori thms, each p ixe l s in an image has a 
spect ra l s ignatures which i s determined by i t s r e l a t i v e ref lectance 
in di f ferent bands. Multi spec t ra l c l a s s i f i c a t i o n i s a tool to 
extract information from an image^ which analysed each p ixe l and 
i t s s ignature and f ina l ly to assign i t to a p a r t i c u l a r c lass of 
s imi lar re f lec tance c h a r a c t e r i s t i c s . There a re two broad c l a s s i f i -
cat ions (a) Supervised (b) Unsupervised 
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During the course of present s tudy in p a r t s of J a i p u r 
, d i s t r i c t . An a t tempt has been made t o c l a s s i f y t h e a rea us ing 
unsupervised c l a s s i f i c a t i o n . Result ing in the i d e n t i f i c a t i o n of 
d i f ferent geomorphic landforms. 
U 
9> 
a) 
§ 
CD 
F i g , 17, Correlation of band*, 
p r i n c i p a l components 
t r ans fo rma t ion 
( source Sabins 1987) 
-*• X, 
TM Band 1 d i g i t a l numbers 
Data Products l - The fo l lowing data p r o d u c t s were gene ra t ed 
through d i g i t a l image process ing techniques at RSACRSG, Aligarh 
Muslim Univers i ty / Aligarh 
1) TM PCC Bands 5 , 4 , 1 
2) TM Unsupervised c l a s s i f i c a t i o n 
3) TM FCC PC - 3 PC - 1 and band 2 
4) TM FCC band 2, 3, 4, 
5) IM FCC band 7 ,5 , 4, 
6) TM hybrid colour ooniposite 5/2 4/1 BI (5 ,7) 
7) TM hybrid colour composite 
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PLATE 
TM FCC Bands 5 , 4 . 1 » 
« 
This cxmbination of bands i s b e t t e r for t he stuc of 
landuse and landoover pa t t e rns of the area, drainage system of 
the area can be eas i ly picked vip because of b e t t e r cont ras t , dry 
r ive r channels appears white, few i s o l a t e d whit ish and white redd-
i sh patches shows moisture free land body, punctuated from the 
main drainage system, cu l t iva ted lands exhibi t yellowish to reddish 
tone, road and railway t rack appears brown and l i n e a r in pa t t e rn , 
settlement in t he area shows gray tone, q u a r t z i t e of Delhi super 
group appears dark brown to black. Orchard appears reddish, blocky 
pa t t e rn . 
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PLATS 
IM U n s u p e r v i s e d C l a s s i f i c a t i o n { 
The u n s u p e r v i s e d c l a s s i f i c a t i o n was a t t e m p t e d t h r o u g h 
mach ine p r o c e s s i n g . T h i s p r o d u c t i s b e t t e r f o r t h e s t u d y jOf..the 
g e o m o r p h o l o g i c a l f e a t u r e s p r e s e n t i n t h e s t u d y a r e a , d r y r i v e r 
c h a n n e l s a p p e a r s g r a y i s h b l u e , c u t o f f c h a n n e l s o r m o i s t u r e f r e e 
l a n d a p p e a r s g r a y i s h b l u e t o b l u e , b u r i e d p e d i m e n t s zone a l o n g t h e 
r i d g e s e x h i b i t i n g w h i t e t o n e and deep b u r i e d p e d i m e n t zone i s 
marked w i t h d i f f e r e n t s h a d e s o f y e l l o w , p i n k i s h and w h i t i s h c o l o u r . 
Road and r a i l w a y t r a c k a p p e a r s w h i t e w i t h l i n e a r p a t t e r n . The 
r i d g e s of t h e q u a r t z i t e a p p e a r s p i n k i s h and v e r y l i g h t p i n k i n 
t o n e . Depending ipon t h e l a n d u s e and l a n d c o v e r o f t h e a r e a , r o l l i n g 
p l a i n e x h i b i t v a r i o u s s h a d e s of r e d , p i n k , y e l l o w , b l u e e t c . 
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PLATE 
•m FCC PC - 3 PC - 1 and Band 2 » 
T h i s p r o d u c t i s b e t t e r from t h e l i t h o l o g i c a l mapping p o i n t 
o f v i ew . I n t h i s FCC q u a r t z i t e r e f l e c t s b l a c k t o n e , w h i l e t h e 
p e b b l y q u a r t z i t e and g r i t t y q u a r t z i t e a p p e a r s deep b l u e , t h e r e d 
cxDlour i n t h e FCC r e p r e s e n t t h e v e g e t a t i o n i n t h e a r e a , r a i l w a y 
t r a c k and road a r e v e r y p r o n o u n c e d and can b e e a s i l y p i c k e d u p . 
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PLATE 
IM FCC PC - 3 PC - 1 and Band 2 i 
T h i s TW FdC i s b e t t e r f o r g e o l o g i c a l mapping, some geomor-
p h o l o g i c a l f e a t u r e s can a l s o b e p i c k e d up e a s i l y l i k e p e d i m e n t 
zone a l o n g t h e r i d g e s , q u a r t z i t e a p p e a r s a s deep r e d , c o n g l o m e r a t e 
shows r e d d i s h y e l l o w t o y e l l o w t o n e , c h a n n e l s of t h e d r y r i v e r s 
e x h i b i t y e l l o w w i t h l i n e a r and r a d i a l p a t t e r n . B u r i e d pe t f iments 
e x h i b i t s v a r i o u s s h a d e s of r e d , y e l l o w , p i n k e t c depend ing upon 
t h e v a r i o u s t y p e s o f l a n d u s e & l a n d o o v e r o f t h e a r e a . 
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PLATE 5 
TM FCC Bands 2 . 3 . 4 & 7 , 5 . 4 : 
De l inea t ion of dry r i v e r channel and ba r ren land i s e a s i e r 
from PCC of bands2 ,3 ,4 , then t h e FCC of bands? ,5 , 4 because of more 
c o n t r a s t in FCC of bands2, 3, 4. FCC of b a n a s 7 , 5 , 4 i s b e t t e r fo r 
s o i l t y p e s and vege t a t i on mo i s tu re d i s c r i m i n a t i o n , R .H.s , of t h e 
PCC r e p r e s e n t t h e b lack s o i l , red co lour in bo th t h e cases shows 
t h e v e g e t a t i o n . 
."••V"^' • » f • wo-" ^S. . • . .'-CA 
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PLATE 
IM Hybr id C o l o u r Compos i te 5 /2 4 / 1 BI ( 5 , 7 ) & IM H y b r i d C o l o u r 
Composi te 1 " 
on h y b r i d IM FCC 5 /2 4 / 1 BI ( 5 , 7 ) q u a r t z i t e r i d g e a p p e a r s 
brown t o da rk brown a t p l a c e s , s e a s o n a l r i v e r o f t h e a r e a , punc±.u-
a t e d p a l a o c h a n n c l s o r m o i s t u r e f r e e l a n d a p p e a r s b l u e , b l a c k s o i l 
on t h e R.H.S of t h e FCC a p p e a r s a l m o s t s i m i l a r t o n e a s t h a t o f 
q u a r t z i t e . I n TM h y b r i d c o l o u r c o m p o s i t e s e a s o n a l r i v e r , c u t o f f 
p a l e o c h a n n e l s o r m o i s t u r e f r e e l a n d shows y e l l o w colou:^ q u a r t z i t e 
and b l a c k s o i l a p p e a r s red , d i s c r i m i n a t i o n o f r ock t y p e i s v e r y 
d i f f i c u l t . 
TM FCC of 5 /2 4 / 1 BI ( 5 , 7 ) i s b e t t e r t h a n t h e h y b r i d 
c o l o u r c o m p o s i t e f o r s o i l v e g e t a t i o n , m o i s t u r e d i s c r i m i n a t i o n and 
g e o l o g i c a l mapp ing . 
" • • - ^ ^ 
^ ^ 7 f = * L •, 
CHAPT£» VI 
GBOLOGY 
GENSRAL STATa4£NT t 
In order to i den t i fy d i f fe ren t l i thouni ts ; p resent in t he 
study area, geological i n t e r p r e t a t i o n was car r ied out using TM 
FCC of band 2,3 and 4, Photographic elements and geotechnical 
elements have been used as i n t e rp r e t a t i ona l keys for log ica l dedu-
ction of t he l i thology of the area . The c l a s s i f i c a t i o n proposed 
by sent et al (1980) has been adopted in t h e p r e s e i t study to des-
c r ibe t h e s t r a t i g r a p h i c re la t ionship of t h e l i t h o u n i t s . The meta-
sedimentary sequence exposed around Ja ipur i s referable to the 
Delhi supergroup. 
The rocks of Delhi supergroup a r e highly deformed because 
of polyphase deformation and regional metamorphism with isograd 
varying from greenschis t facies to g ranu l i t e f ac i e s . Locally shel -
te red zone of contact metamorphism re la ted to Erinpura g r a n i t i c 
a c t i v i t y have been recorded from the Delhi rocks. 
St r a t i graphical ly t h i s supergnxp i s d iv i sb le in to Raialo 
Alwar and Ajabgarh group having a thickness of about 6000 m. The 
RalaLo group i s dominantly calcareous the Alwar group i s arenaceous 
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and Ajabgairh grot?) i s a r g i l l a c e o u s i n c h a r a c t e r . Delhi Supergroup 
Comprise dominantly of q u a r t z i t e ^ b i o t i t e s ch i s t ^ c a l c s c h i s t 
p h y l l l t e s , marbles wi th s u b o r d i n a t e conglomerates , me tavo l can i c s , 
b a s i c f lows, amphlbo l i t e pyroxene e t c , 
PREVIOUS WORK I 
The geology of t h e N-E Rajas than have been s t u d i e d by 
va r ious workers , Hacket (1877) a t tempted t o p r ^ a r e t h e geo log i ca l 
map over e x t e n s i v e a rea and inc luded t h e rocks under A r a v a l l i 
S e r i e s , Heron (1917) s ^ e r a t e d t h e sequence i n t o Raialo l imes tone , 
Alwar S e r i e s , Kushalgarh l imes tone , Homs tone b r e c i a and Ajabgarh 
s e r i e s t o which he inc luded under Delhi System, L a t e r he (195 3) 
s e p e r a t e d t h e Raialo from Delhi system. L a t e r Basu and Arora (1968) 
des igna ted t h e Delhi system as Delhi group fo l lowing l i t h o s t r a t i -
g raph ic rank c l a s s i f i c a t i o n , Rev i s iona l mapping c a r r i e d ou t i n 
N-E & southern Rajas than l e d to r e c o g n i t i o n of s e v e r a l groups 
wi th in t h e Delhi group and n e c e s s i t a t e d r i s e i n t h e rank of t h e 
Delhi group to Delhi Supergroup (1977) , 
The c l a s s i f i c a t i o n proposed by san t e t a l (1980) i s g i v a i 
i n t a b l e 13, t h a t shows t h e gene ra l s t r a t i g r a p h i c success ion of t h e 
Delhi Sv )^ erg roup. 
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Table 13,Geological succession in 
Northern Rajasthan, 
D 
E 
L 
H 
I 
S 
u 
p 
£ 
R 
G 
R 
0 
u 
p 
Bhande r Group 
Rewa Group 
Kaimur Group 
S a n r i Group 
Ac id i n t r u s i v e s 
B a s i c i n t r u s i v e s 
A r a u l i 
f o r m a t i o n 
Bha rko l 
f o r m a t i o n 
T h a n a g a z i 
fo r m a t i o n 
S e r i s k a 
f o r m a t i o n 
K u s h a l g a r h 
f o r m a t i o n 
P a r t a p g a r h 
f o r m a t i o n 
Kanlcwarhi 
f o r m a t i o n 
R a j g a r h 
f o r m a t i o n 
P h y l l i t e i n t e r c a l c a t e d w i t h q u a r t z i t e s h a l e 
an<Vor s l a t e ( g a r n e t ^ s t a u r o l i t e b e a r i n g ) 
G r i t t y q u a r t z i t e , q u a r t z i t e w i t h i n t e r l a y e r e d 
p h y l l i t e ^ c a r b o n a c e o u s p h y l l i t e and s c h i s t 
P h y l l i t e a n d a l u s i t e b i o t i t e s e r i c i t e s c h i s t 
g a r n e t c h l o r i t e s c h i s t , c a r b o n a c e o u s p n y l l i t e 
w i t h m a r b l e 
B r e c c i a t e d q u a r t z i t e 
I m p u r e s i l i c i o u s , m a r b l e , a raph ibo le q u a r t z i t e 
M a s s i v e q u a r t z i t e l o c a l l y f e l d s p a t h i c 
M a i n l y s c h i s t s e r i c i t e b i o t i t e , g a r n e t a n d a l -
u s i t e b e a r i n g w i t h m i n o r b a n d s of m a r b l e 
q u a r t z i t e and c o n g l o m e r a t e 
Q u a r t z i t e 
G r i t t y q u a r t z i t e w i t h f lows a t p l a c e s 
c o n g l o m e r a t e and p e b b l y q u a r t z i t e 
LOCAL UNCONFORMITY 
R a i a l o Group 
UNOONPORMITY 
Lower p r o t e r o z o i c t o Archean 
85 
GEPLOGY OF THE JAIPUR AREA : 
The o l d e s t rocks In t h e d i s t r i c t a r e t h e s c h i s t , g n e i s s e s , 
mlgmat i tes and q u a r a l t e s of p r e - A r a v a l l l which a r e cons idered to 
be n e a r l y 2500 M yea r s o l d . These rocks a r e most ly covered under 
a man t l e of sand and a l luvium of r e c e n t t o s u b - r e c e n t age . 
Overlying t h e s e rocks with a major unconformity a r e t h e rocks of 
Delhi Supergroup which i s made up of Raialx::^  Alwar and Ajabgarh 
group. The rocks of Raialo group comprise mainly d o l o m i t i c marble 
and minor q u a r t z i t e s . The Alwar group c o n s i s t s of conglomerat ic 
q u a r t z i t e and s c h i s t s which e i t h e r l i e unoonformably over t h e 
Ralato o r d i r e c t l y o v e r t h e metamorphltes of t h e p r e - A r a v a l l i , The 
Ajabgarh group i s mainly made of s c h i s t , p h y l l i t e s , m a r b l e and 
q u a r t z i t e s . These rocks have been I n t r u d e d by amphibo l i t e s g r a n i -
t e s , pegma t i t e s and q u a r t z v e i n s . 
In the s tudy area t h e rocks of Alwar group a r e exposed 
between J a i p u r and L a l s o t , Major esqposures a r e seen in t h e L a l s o t 
Bayana ranges , around Bass l and Banskho, The ou tc rop d e n s i t y i s 
low, t h e a rea i s g e n e r a l l y penep l a in covered by a l luv ium and sand 
of qua t e rna ry and r ecen t a g e s . The rocks e q u i v a l e n t s t c t h o s e of 
Alwar group a r e exposed i n t h e e a s t e r n p a r t of t h e a r e a , where l i e s 
a p a r t of Bayana sub -bas in , comprise of q u a r t z i t e , i n t e rbedded wi th 
conglomerate, s h a l e and a few p a t c h e s of m e t a v o l c a n i c s . 
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Alwar Group t An assemblage of oonglomerate, arkose, fe ldspathic 
qua r t z i t e , s ch i s t , and carbonates, metamorphosed to varying degree 
of r e c r y s t a l l i s a t i o n has been included in to t h e Alwar group, hog-
back i s t h e prominent fea ture present in t h e study area . The quart-
z i t e i s t he dominant l i tho logy with interband of conglomerates. 
The contact between t h e Alwar and Raialo i s marked by s t ruc tu ra l 
discordance and local break in sedimentation (Sant e t al 1980), In 
t he eastern s ide of study area t he present formations a re equiva-
l en t to the formations of Alwar group. The t a b l e 14, represents t he 
s t r a t i g r aph i c cor re la t ion of the area . 
Table 14, Geological succession in the studied area, modified 
a f t e r Sant et al (1980), 
Table 14, 
General Stra t igraphy 
Partapgarh 
formation 
Kankwarhl 
formation 
Rajgarh 
formation 
Badalgarh 
formation 
Massive 
qua r t z i t e 
with minor 
s e r i c i t e 
s e r i c i t e 
s ch i s t 
b i o t i t e 
qua r t z i t e 
and conglomerate 
Nithar Quar tz i te formation 
g r i t t y q u a r t z i t e 
with flow a t places 
conglomerate & 
pebbly q u a r t z i t e 
LOCAL UNCONFORMITY 
Raialo Group 
In Bayana subbasin 
Flaky qua r t z i t e 
shale & tuffacaous 
sandstone 
Quartz i te & 
conglomerate bas ic 
volcanic with 
associated quar tz i t e . 
89 
In t he N-W p a r t of t h e study a rea around Bassi Alwar group 
of Delhi supergroup i s ej^osed. The dif ferent l i t h o u n i t s present 
in t he area comprise Rajgarh, Kankwarhi and Partapgarh formations. 
Rajqarh Formation i I t comprises conglomerate and pebbly qua r t z i t e 
in the lower most l i t h o u n i t of t h e formation. The conglomerate has 
a th ick vegetation cover. In the TM PCC small l i n e a r outcrops of 
these rocks a re seen with dark tone^ coarse t ex tu r e and dendr i t i c 
drainage p a t t e r n . The conglomerate followed by g r i t t y qua r t z i t e 
which appear as th in bands in TM PCC, medium to coarse t ex tu re and 
low r e l i e f l i n e a r r idges, t h i s formation i s ajjposed in t he south 
of Banskho, The development of hogback fea ture suggest steep to 
moderately dipping s t r u c t u r e for t h e rocks of Rajgarh formation, 
Kankwarhi Formation s Kankwarhi formation o v e r l i e t he Rajgarh 
formation. This formation i s esqposed a t N»W of North d i rec t ion from 
Bassi, north of Banskho, The rocks have been metamorphosed to schis t 
and compositionally vary from s e r i c i t e b i o t i t e sch i s t to game t i f -
erous and anda lus i te s c h i s t . I so l a t ed exposures of Kankwarhi forma-
t ion have been r^>orted. They exhibi t l i g h t gray tone in TM PC, coarse 
t ex tu re with dendr i t i c drainage pa t t e rn and has high res i s t ance to 
erosion. 
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P a r t a p o a r h F o n n a t i o n i T h i s u n i t r e p r e s e n t s t h e u p p e r member o f 
t h e A l w a r g r o u p . The q u a r t z i t e s a r e medixim t o o o a r s e g r a i n , h i g h l y 
r e c r y s t a l l i s e d and m a s s i v e , t h e y form hogback r i d g e s . T h e i r h i g h 
r e s i s t a n c e t o e r o s i o n g i v e r i s e t o s t r u c t u r a l h i l l s , t h e r o c k s e x h i -
b i t d a r k t o n e and o o a r s e t e x t u r e , d r a i n a g e i s e x t e r n a l , 
BAYANA SUB-BASIN t 
A p a r t o f Bayana s u b - b a s i n c o v e r s t h e a r e a u n d e r s t u d y and 
i t forms t h e e a s t e r n m o s t l i m i t o f t h e D e l h i o u t c r o p s . T a b l e 14, 
g i v e s d e t a i l s o f t h e d i f f e r e n t f o r m a t i o n i n t h e Bayana s x i b - b a s i n . 
The r o c k s of t h i s s u b - b a s i n a r e e q u i v a l e n t o f Alwar group of D e l h i 
S u p e r g r o u p , T h e s e c o m p r i s e q u a r t z i t e , c o n g l o m e r a t e , s h a l e s and 
m e t a v o l c a n i c s , 
N i t h a r F o r m a t i o n t N i t h a r f o r m a t i o n i s ejqjosed i n t h e w e s t e r n p a r t 
o f t h e Bayana s \ i b - b a s i n . T h e s e c o m p r i s e q u a r t z i t e c o n g l o m e r a t e and 
b a s i c v o l c a n i c s 4 n t e r l a y e r e d w i t h s e d i m a i t s . T h e s e r o c k s e x h i b i t a 
p r o n o u n c e d t r e n d o f NE-SW t r e n d o f f o l i a t i o n . I n TM FCC i t e x h i b i t 
da rk b a n d e d t o n e , c o a r s e t e x t u r e . T h e r e i s s t r u c t u r a l d i s c o r d a n c e 
be tween N i t h a r and o v e r l y i n g B a d a l g a r h f o r m a t i o n , 
B a d a l q a r h F o r m a t i o n t B a d a l g a r h f o r m a t i o n i s ejqjosed i n t h e e a s t e r n 
most p a r t o f t h e s t u d y a r e a . T h e s e c o m p r i s e s f l a k y q u a r t z i t e , s h a l e 
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and tuffaceous sandstone. Badalgarh formation conformably u n d e r l i e 
t h e m eta sedimentary sequence of Bayana format ion. In TM FCC t h i s 
formation i s recognised by l i g h t t o dark co lou r banded tone , coa r se 
t e x t u r e , 
ALLUVIUM t 
In the study area , the rocks o f Delhi Supergroup a r e s u r r o -
unded by the quaternary d e p o s i t s . I t forms because of r epea t ed 
cyc l e s of d e p o s i t i o n of a l l u v i a l and a e o l i a n d e p o s i t s , which 
unconformably o v e r l i e t h e hard rock of t h e a r e a . About 60% of t h e 
study area forms t h e a l l u v i a l p l a i n wi th r ecen t t o sub - recen t a g e , 
conpr i s ing of loam, s i l t and c l a y . The a l luvium i s used fo r C u l t i -
v a t i o n and a g r i c u l t u r a l a c t i v i t i e s , about 20% of t h i s a rea forms 
bar ren l and o r m o i s t u r e f r e e l and and i s covered by a e o l i a n sand. 
CHAPT£» VI I 
SUMMARY 
This d i s se r t a t i on presen ts t h e various aspectsof remote 
sensing, t he work was car r ied out in p a r t i a l fulfilment of t h e 
M.Phil Remote Sensing Applications progranone. 
1. Fundamentals of remote sendng have been described, e l ec t ro -
magnetic radia t ion, atmospheric effect on QdR, windows, d i f fe -
rent bands, platforms and so isors used in remote sensing have 
been described, 
2. Thematic i n t e rp re t a t i on of ranotely sensed data was cariried out 
by combined fiian machine processing, d i g i t a l data were analysed 
using standard image processing techniques in ISROVISION sof t -
ware. Fee ' s band r a t i o s and p r inc ipa l oon^on^its of analysed 
images were prepared. The hard copy p r i n t s of the FCC s and 
the d i g i t a l l y analysed outputs were v i sua l ly in te rp re ted into 
landase and landoover/ geology and geomorphology. 
3. Landase and landcover map has been p r ^ a r e d t h a t shows the 
d i s t r ibu t ion of landuse and landcover of the area, t he USGS 
Class i f ica t ion has been adopted for t h e preparat ion of landuse 
and landcover map. In t e rp re t a t i ona l keys of plx)tographic and 
geotechnical elements have been used for logica l deduction of 
landuse c lasses . The area has beai c l a s s i f i ed in to sett lement, 
cropland, rockywaste, waterbodies, fores t cover e t c . 
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4, Geomorphological map of t he area has been p r ^ a r e d using 
remote sensing techniques, Gaomorphology of the area has been 
described. The landscape evaluation has been contrDlled by 
polycycl ic erosion which resul ted in t h e development of th ree 
planat ion surfaces . These surfaces have been designated as 
Jhunj-hanu surface, Sikar surface and Ja ipur p laner surfaces. 
The homogeniety of the landscape has been puntuated by the 
development of s t ruc tu ra l h i l l s and va l l eys . Various geomorphic 
features have been demarcated such as burled pediments, d e ^ 
buried pediments, ro l l i ng p l a in s , cut off paleochannels and 
the drainage system e t c . 
Drainage morphometric analysis of Morel sub basin has 
been car r ied out^ drainage system i s of 3rd order, bifurcat ion 
r a t i o i s 3.62, which suggest t h a t i t i s a normal basin. 
Various parameters of t he drainage morphometric analysis l i k e 
elongation r a t i o , form factor , c i r c u l a r i t y r a t i o , drainage 
density, stream frequency, i n f i l t e r a t i o n number etc were 
ca lcula ted . I t has been found t h a t t he basin i s s l i g h t l y 
elongated. Drainage system i s developed over sof ter material 
i . a loamy s o i l . I t favours for low run off, high permeable 
sub so i l mater ia l and high i n f i l t r a t i o n capacity. 
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5, Geological map has been prepared, geology of t h e area has bean 
in t e rp re t ed using remote sensing techniques through log ica l 
deduction. Class i f ica t ion proposed by sant et a l 1980 has beai 
adopted during the course of present inves t iga t ion . The rock 
types present in t h e study area a re of Alwar group of Delhi 
Supergroup. I t l i e s over the Railo group which marked with 
local unoonformity. The rocks of Alwar group a re arenaceous 
in character , these comprises of conglomerate, pebbly qua r t z i t e 
gri t ty qua r t z i t e e tc , t h ree formation were del ineated, Rajgarh 
formation, Kankwarhi formation and Partapgarh formation in the 
western pa r t of t he study area . In t he eastern pa r t of the 
study area where pa r t of t he Bayana sub-basin l i e s which forms 
t h e easteranost p a r t of Delhi outcrops, Nithar formation 
comprises quar tz i t e , conglomerate and bas ic volcanlcs,Badalgarh 
formation oomprises of flaky qua r t z i t e , shale e tc were del inea-
t ed . 
95 
REFEHEHCES 
1, Floyd P Sablns JR, 1987 t Remote Sensing Pr inc ip les & 
In te rp r e t a t i on , 
2, Heron M.A, 195 3 i The geology of centra l Rajputana, Memoir 
of G.S.I, volume 79. 
3. Horton R.E,, 1932 i Drainage basin c h a r a c t e r i s t i c s . Trans 
Am Geophysics Union volume 13 pp 350-361 
4. Li l lesand Thomas M & Kiefer, Ralph W, 1979 » Ronote Sensing 
and image i n t e r p r e t a t i o n . 
5. Mi l le r V.C., 195 3 i A quan t i t a t i ve geomorphic study of drainge 
basin c h a r a c t e r i s t i c s in the Clinch 
Mountain area, Virginia and Tennessee 
Pro jec t , NR 389-042, Columbia un ivers i ty 
New York. 
6, Ravindra, R and Bakliwal P.C, 1983 t Geological and geomor-
phological s igni f icance of few mega 
lineaments of N-E Rajasthan, Photonirvachak 
volume 11 No, 2 . 
96 
7 , Sant e t . a l , 1980 t Geology of N-B Rajas than , G . S . I , r e p o r t 
8, Schumm S . A . , 1956 t Evolut ion of d r a inage system and s lopes i n 
bad l ands a t p e r t h Amboy, New J e r s e y , Bu l l . 
Geol Soc Am vol 67 pp 597-646 
9 , Singh S.E.^ 1982 t S t r a t i g r a p h y of t h e Delhi Supergroup in 
Bayana sub -bas in . North e a s t e r n Rajas than 
Volume 112 p a r t 7 r ecords of G . S . I . 
10, Thombury William D (1986) P r i n c i p l e s of geomorphology. 
